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pounds ;  the  exhaust  at  a  pressure  of  40  pounds  was  to  return  to 
another  pipe  in  the  street,  from  which  buildings  were  to  be  heated 
and  the  condensation  passed  to  the  sewer.  This  scheme  was  a  fail- 
ure. It  reflected  credit  however,  on  the  inventor  and  (like  other 
failures)  suggested  to  the  intelligence  of  others,  possibilities  in  the 
same  general  direction,  which  have  been  seized  from  time  to  time. 
The  writer  hopes  to  show  in  this  paper  that  today  with  proper  ap- 
pliances and  experience,  heating  from  a  central  station  is  a  success. 
It  is  quite  generally  assumed  to  be  a  matter  of  common  knowl- 
edge "how  to  construct  a  heating  plant."  In  fact,  some  engineers, 
while  giving  their  clients  the  best  advice  as  to  the  selection  of  an 
engine  or  boiler  for  the  purpose  required,  put  in  extra  time  trying 
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In  calling  attention  to  the  subject  of  heating  from  a  central  sta- 
tion, this  paper  refers  particularly  to  that  class  of  station  where 
coal  is  used  as  raw  material,  to  be  manufactured  into  heat  which  is 
distributed  through  the  streets  and  alleys  of  a  city  or  town  by 
means  of  suitable  conduits,  and  sold  to  consumers.  It  does  not  re- 
fer to  that  class  of  central  stations  operated  in  connection  with 
buildings,  colleges,  asylums,  and  similar  institutions.  This  is  not 
because  the  construction  of  the  latter  class  is  unimportant,  but  be- 
cause the  difficulties  attending  the  construction  of  the  former,  such 
as  the  interference  with  sewers,  gas  mains  and  water  pipes,  the 
length  of  mains,  convenience,  adaptation  and  (of  most  importance) 
mechanical  and  commercial  success,  necessitate  its  consideration  as 
a  subject  apart  from  other  branches  of  the  heating  business.  The 
subject  has  received  comparatively  little  attention  until  lately. 
Heating,  however,  has  been  done  in  this  manner  ever  since  steam 
came  into  prominent  use.  In  this  country  Mr.  Birdsell  Holly  was 
one  of  the  pioneers.  Thirty  years  ago  he  applied  for  a  patent  on 
a  system  of  pipes  whereby  steam  coming  from  a  central  station  was 
to  supply  power  for  operating  engines  at  a  pressure  of  about  80 
pounds ;  the  exhaust  at  a  pressure  of  40  pounds  was  to  return  to 
another  pipe  in  the  street,  from  which  buildings  were  to  be  heated 
and  the  condensation  passed  to  the  sewer.  This  scheme  was  a  fail- 
ure. It  reflected  credit  however,  on  the  inventor  and  (like  other 
failures)  suggested  to  the  intelligence  of  others,  possibilities  in  the 
same  general  direction,  which  have  been  seized  from  time  to  time. 
The  writer  hopes  to  show  in  this  paper  that  today  with  proper  ap- 
pliances and  experience,  heating  from  a  central  station  is  a  success. 

It  is  quite  generally  assumed  to  be  a  matter  of  common  knowl- 
edge "how  to  construct  a  heating  plant."  In  fact,  some  engineers, 
while  giving  their  clients  the  best  advice  as  to  the  selection  of  an 
engine  or  boiler  for  the  purpose  required,  put  in  extra  time  trying 
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to  avoid  the  use  of  devices  now  being  manufactured  especially  for 
this  purpose  and  devise  something  themselves.  Sometimes  a  snag 
is  encountered,  but  as  it  is  underground  it  is  not  considered  material 
to  the  success  of  the  general  plant.  .Some  time  ago  a  gentleman, 
explained  how  easy  it  would  be  for  him  to  put  a  pipe  in  a  sawdust 
box  and  use  e.xhaust  from  an  engine  to  heat  several  blocks  of 
buildings.  He  received  the  same  advice  that  "  Punch  "  gave  to 
those  about  to  get  married,  viz.:  *'  Uon't." 

Writers  on  the  general  subject  of  heating,  who  have  covered 
hundreds  of  pages  in  exhaustive  explantion  of  tests  of  things  that 
are  common,  and  which  everyone  has  accepted  long  ago  as  a 
practically  perfected  product,  pass  this  branch  of  the  subject 
lightly,  with  just  sufficient  said  to  assure  the  reader  of  the  fact 
that  such  plants  are  failures.  Some  organizations  have  appointed 
committees  to  investigate  this  subject,  and  the  writer  is  credibly 
informed  by  a  member  of  such  a  committee  that  they  have  been 
working  on  the  matter  for  a  year,  and  have  asked  for  further  time 
in  which  to  make  a  better  report.  This  suggests  that  there  may 
be  more  in  the  subject  than  appears  on  the  surface. 

For  the  purpose  of  this  paper,  the  writer  has  made  inquiry  for 
some  tests,  or  clearly  defined  methods  that  may  be  accepted  as  a 
true  gauge  whereby  the  relative  efficiency  and  merit  of  devices 
and  methods  may  be  established,  but  so  far  he  has  not  been  suc- 
cessful. That  there  may  be  something  of  this  kind,  he  cannot 
doubt. 

It  is  not  the  purpose  to  give  any  minute  details  of  the  operation 
that  such  tests  might  disclose.  The  time  may  come  soon  how- 
ever, when  this  Society  will  be  as  agreeably  entertained  in  a  com- 
parison of  tests  of  insulating  or  heat  retaining  substances  and 
construction  for  this  purpose,  as  it  has  been  in  the  past  with  tests 
of  heat  producing  substances  and  apparatus.  Certainly  one  is  as 
important  as  the  other  when  we  consider  the  wasteful  loss  of  heat 
energy  that  is  now  going  on  in  various  lines  of  practice.  The 
present  effort  may  offer  a  substantial  suggestion  as  to  one  of  the 
means  whereby  we  may  profitably  utilize  such  coals  of  our  State 
for  domestic  heating  purposes,  which  may  be  purchased  in  car  lots 
at  the  rate  of  1,200,000  heat  units  for  10  cents.  For  a  like  amount 
of  money  you  are  now  getting,  in  the  form  of  anthracite  coal,  only 
378,370  heat  units,  or  approximately  32  per  cent  of  equivalent 
heat  value.  Certainly  the  subject  is  alluring  from  the  promoter's 
standpoint,  and  should  be  interesting  to  the  engineer. 

A  rough  estimate  of  the  number  of  stations  constructed  within 
the  last  thirty  years  in  this  country  may  be  300,  one  quarter  of 
which  has  been  put  in  operation  within  the  last  few  years.  It  is 
fair  to  say  that  but  a  smalt  proportion  of  those  built  have  been,  or 
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are  likely  to  be,  successful.  Such  cities  as  Detroit,  Milwaukee, 
Burlington  and  others,  have  abandoned  pipes  in  their  streets. 

Central  station  heating  plants  usually  have  the  general  public  as 
investors;  you  are  not  dealing  with  a  railway  man,  who  knows  the 
locomotive  you  are  offering  him  as  well  as  you  know  it  yourself. 
You  are  dealing  with  those  who  know  nothing  of  the  subject  from 
an  engineer's  standpoint;  in  fact,  an  expert  opinion  would  hurt  the 
case,  especially  if  the  proposed  construction  be  poor.  The  shrewd 
and  prominent  citizen  however,  can  properly  be  induced  to  give 
the  thing  a  boom.  The  fact  that  he  has  something  in  it,  rather 
than  its  own  merit  (if  it  has  any),  induces  others  to  make  invest- 
ments. The  shrewd  promoter  shows  how  electric  light  costs 
nothing  when  made  in  connection  with  a  heating  plant.  The 
shrewd  and  prominent  citizen  gets  up  a  meeting,  a  committee  is 
appointed  to  investigate;  they  are  taken  to  a  plant  put  in  operation 
under  the  proposed  conditions;  the  streets  are  shoivn,  under  which 
the  pipes  are  laid;  the  boiler  is  pronounced  a  marvel;  the  top  of 
the  smokestack  is  found  to  exist  without  smoking;  everyone  praises 
the  accomplishments  of  the  inventor;  stocks  are  selling  high;  it  is 
shown  that  by  this  invention  the  heat  passes  out  and  returns  again 
with  only  20  degrees  of  loss.  Nothing  is  said  however,  of  the 
fact,  that  the  20  degrees  probably  represented  the  pumping  of 
3,500,000  gallons  of  water  per  day,  against  60  pounds  pressure 
and  at  the  cost  of  40  tons  of  coal.  On  the  return,  a  mass  meeting 
is  arranged,  glowing  speeches  are  made,  the  company  is  formed, 
and  in  goes  the  plant.  When  it  develops  that  some  do  not  get 
heat,  the  steam  fitter  is  said  to  be  at  fault,  not  the  station  or  its 
apparatus;  the  company  kindly  furnishes  (free  of  charge,)  the 
services  of  an  expert,  who  generally  advises  an  increase  of  radia- 
tion^ averaging  say  25  per  cent.  When  this  is  nicely  installed,  it 
is  found  the  company  is  not  making  money;  therefore,  it  repudi- 
ates its  ingenious  scheme  of  charging  a  price  for  heat  by  measure- 
ment of  the  outside  of  the  building,  and  charges  by  the  square 
foot  of  radiation,  which  is  now  excessive,  owing  to  the  low  tem- 
perature of  the  heat  furnished.  The  customer  cannot  very  well 
make  objection  at  this  stage.  His  house  cost  him  say  $400  to  fit 
up  with  steam  heat,  and  his  furnace  has  been  sold  for  junk;  hence, 
it  is  cheaper  to  continue  at  the  advance  than  take  the  entire  thing 
out  and  buy  a  new  furnace.  He  is  further  convinced  of  its  cheap- 
ness, by  the  fact  that  all  companies  that  have  gone  through  this 
process  have  had  to  raise  rates.  The  schedules  are  shown;  he 
finds  there  are  those  who  are  paying  30  cents  per  foot  of  radia- 
tion, while  he  is  asked  only  20  cents.  The  explanation,  of  course, 
is  withheld,  that  the  30  cent  rate  is  for  heat  requiring  only  half 
the  amount  of  radiation. 

Another  plan  is  the  one  of  the  man  who  carries  in  his  pocket 
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some  small  device,  probably  costing  50  cents,  which  he  declares  is 
competent  to  make  the  investors  rich,  as  on  it  hangs  all  the  laws 
of  heating  and  the  profits  in  the  enterprise.  He  proposes  its  use ; 
illustrates  buildings  and  gives  references  to  show  how  extensively 
the  device  (which  he  calls  his  system),  is  used ;  his  patents  on  it 
are  many ;  he  calls  in  the  local  man  (who  incidentally  is  to  receive 
10  per  cent),  and  all  his  assertions  are  confirmed.  If  his  plan  is 
adopted,  he  assumes  no  responsibility  for  the  laying  out  of  the 
mains  ;  any  one  may  do  that,  he  tells  you,  or  he  may  recommend  a 
man.  He  guarantees  nothing  but  what  known  laws  guarantee  him. 
He  furnishes  his  devices,  collects  his  royalty,  pays  his  assistants, 
asks  and  usually  gets  a  good  recommendation  to  go  elsewhere. 

These  things  are  not  engineering  matters,  but  as  the  subject  is 
broad,  the  writer  feels  that  he  would  not  be  doing  it  justice  with- 
out giving  a  correct  view  from  all  standpoints.  Furthermore,  it  is 
proper  as  an  illustration  of  one  of  the  reasons  of  failure.  You  may 
think  it  is  an  overdrawn  picture  but  it  is  based  on  knowledge  of 
facts  which  cannot  be  successfully  refuted,  and  moreover  such 
cases  as  are  cited,  and  many  others,  will  be  found  common  if  in- 
vestigated. 

There  are  other  reasons  why  heating  from  a  central  station  is  not 
always  a  success.  One  is  injudicious  location.  If  a  proposed  sta- 
tion be  in  a  small  town  where  coal  is  sold  by  the  bushel  direct  from 
the  mines,  and  the  inhabitants  are  of  the  class  which  use  stoves,  the 
chance  for  success  would  in  any  event  be  an  uphill  proposition.  If,  on 
the  contrary,  a  rather  wealthy  town  be  selected  (as  for  instance,  a 
small  city  near  Chicago),  success  would  be  reasonably  assured. 
Locate  the  station  on  a  railway  track,  and  if  possible  in  the  middle  of 
the  district  to  be  heated  ;  four  mains  running  in  four  directions  from 
the  station  is  a  more  efficient  plan  than  one  long  main  carrying 
heat  from  the  station  to  a  central  distributing  point.  Havang  selec- 
ted the  location,  waste  no  time  in  presuming  you  can  do  as  well  as 
another  by  copying  his  ideas.  Local  conditions  must  govern  in 
each  case ;  such  for  instance  as  the  number  of  days  in  the  heating 
season ;  price  of  coal  and  its  heat  value ;  average  outside  tempera- 
ture ;  character  of  service ;  distance ;  losses,  etc.  It  is  therefore 
proper  that  procedure  be  based  upon  business  methods,  which  in 
this  case  is  chiefly  good  engineering. 

For  the  proper  presentation  of  this  feature  you  will  pardon  refer- 
ence to  some  first  principles,  as  it  is  desired  to  keep  before  you  the 
cost  and  efficiency  of  heat  as  manufactured  in  the  ordinary  manner 
by  the  customer  ;  the  conditions,  efficiency,  and  cost  of  manufacture 
at  the  station ;  and  the  conditions  and  efficiency  in  methods  of 
transmission.  With  these  understood  you  will  formulate  in  your 
own  minds  an  answer  to  the  question :  "  Does  it  pay,  and  how  V 

Imagine  a  simple  box,  inside  of  which  the  temperature  is  70  de- 
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grecs,  while  the  outside  temperature  is  zero.  It  is  manifest  that 
the  temperature  will  be  retained  indefinitely  if  it  were  not  for  the 
law  which  tends  to  equalize  the  difference  of  temperatures,  this  law 
operating  in  a  ratio  dependent  upon  the  transmitting  power  of  the 
material,  of  which  the  walls  of  the  box  are  constructed. 

Fig.  1  is  a  diagram  prepared  by  Mr.  A.  R.  Wolff,  which  the  writer 
accepts  as  a  standard  method  of  determining  the  loss  due  to  the 
tendency  to  equalize.  Another  thing  to  have  in  mind,  that  is 
usually  lost  sight  of,  is  that  if  an  apparatus  or  device  that  generates 
the  heat  be  placed  within  the  box,  there  can  be  no  loss  of  heat  to 
the  box,  because  that  which  may  leak  or  be  lost  from  the  apparatus 
is  lost  or  leaked  into  the  box.  If  however,  the  heat  be  generated 
outside  of  the  box  and  transmitted  to  it,  any  leakage  is  a  loss  to 
the  box  to  be  heated. 

Substitute  a  house  for  the  box  and  proceed  to  find  out  the  cost 
of  heat  as  manufactured  by  the  customer.  The  efficiency  of  the 
apparatus  to  the  occupant  is  the  cost  of  production  of  that  heat 
which  heats  his  living  rooms ;  not  that  which  heats  the  cellar  or  is 
in  ashes  nor  diffused  in  an  unused  portion  of  the  building.     The 

COST   OF    HEATI.NG    A    TYPICAL    BUILDING. 

Cost  of  coal  per  ton •  •  ■  • ^7-50 

Average  days  in  the  season, 200 

Coal  used  in  tons ...  io.8 

Heat  value  per  pound   K.  T.  U 14,000 

Efficiency 75%' 

Average  outside  temperature, .  .    35° 

Average  pounds  per  day, 108 

Average  pounds  per  hour,    4.5 

Heat  units  value 47,250 

Average  heat  used  per  minute, 787 . 5 

Cost  of  coal  per  season, ....  $81 .00 

Handling  at  toff , 08 .  i 

Repairs  on  apparatus  at  10^,    08.1 

Kindling,  matches,  etc.  at  5^ 4.00 


Cost  per  season, $101 .20 


Cost  of  coal  per  pound, $  .  00375 

Cost  of  coal  per  million  B.  T.  U ., o  •  358 

Handling,  at  10^, 0.0358 

Repairs  at  10^, 0.0358 

Kindling,  etc.  at  5^, 0.0179 


Cost  per  million  B.  T.  U., $0.4475 

former  may  be  called  the  efficient  heat,  which  from  some  experi- 
ments made  by  the  writer  and  deductions  from  the  experience  of 
others,  may  be  generally  taken  as  75  per  cent  of  the  heat  value  of 
the  coal.  Assume  this  to  be  correct,  and  a  simple  problem  of 
arithmetic  gives  the  cost  of  heating  an  average  building  per  year ; 
also  the  cost  per  million  heat  units  as  45  cents.  If  you  take  into 
consideration   the  damage  to  draperies,  the  dirt   in  the  house  and 
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the  inconvenience  of  getting  up  on  a  cold  morning  to  renew  fires, 
you  might  place  it  higher.  In  fact  50  cents  is  not  too  high  if  all 
the  items  be  considered.  These  figures  are  not  intended  to  suggest 
that  heat  should  be  sold  at  a  price  less  than  the  cost  of  coal.  Many 
mistakes  have  been  made  in  accepting  the  customer's  coal  bill  as  a 
basis.  Heat  from  a  central  station  should  be  sold  at  a  price  that  is 
fair,  m  consideration  of  its  cost  of  production  and  transmission,  the 
investment,  and  the  character  of  the  service  rendered. 

Having  selected  the  location  of  the  station  and  found  for  what 
amount  the  proposed  customer  can  manufacture  heat,  let  us  see 
at  what  price  heat  can  be  manufactured  at  a  central  station.  To 
do  this,  assume,  for  convenience,  a  direct  steam-heating  station 
which  consists  in  its  chief  elements  of  boilers  and  a  pipe  to  con- 
duct the  steam  to  the  street  mains.  The  efficiency  of  this  form 
of  apparatus  needs  no  description.  For  this  purpose  however,  we 
desire  to  know  at  what  price  per  million  heat  units  it  can  be  sup- 
plied to  the  pipes,  taking  into  consideration  the  operation  of  the 
station  24  hours  per  day.  We  must  also  consider  the  increase 
and  decrease  of  load,  due  to  the  temperature  of  the  outside  atmos- 
phere; the  fact  that  the  water  pumped  into  the  boiler  has  no 
means  of  being  heated  except  by  the  exhaust  from  the  feed  pump, 
the  cost  of  coal  and  its  heat  value,  labor  of  handling  the  different 
kinds,  all  at  this  station. 

If  you  buy  coal  for  $2.00  per  ton,  having  say  12,000  heat  units 
value,  and  the  efficiency  of  your  plant  is,  say  60  per  cent;  the  cost 

COST    OF    MANUFACTURING    1,000,000    HEAT    UNITS    AT    STATIONS. 

Price  of  coal  per  ton,  in  car  lots, $2 .00 

Heat  units  per  pound, 12,000 

Efficiency  of  Boiler  Plant, 60^ 

Cost  of  coal  per  million  heat  units, ^o .  137 

Cost  for  handling,  at  I2^f 016 

Cost  for  depreciation,  at  5^ 0.007 


Total, ^0.160 

for  producing  one  million  heat  units  would  be  $0,137;  adding  12 
per  cent  for  handling  and  5  per  cent  for  depreciation  you  have  in 
round  fiigures,  16  cents  as  the  cost  of  one  million  heat  units. 
There  is  but  one  way  of  manufacturing  this  heat;  viz.,  the  boiler 
process.  In  a  direct  steam  heating  station  a  battery  of  boilers 
and  a  steam  pipe  entering  the  ground  are  its  chief  elements.  In 
a  live  and  exhaust  steam  station  the  exhaust  pipe  from  the  engine 
also  furnishes  heat  after  it  has  passed  from  the  engine.  If  in- 
duced circulation  is  used,  then  a  return  pipe  enters  the  building 
and  a  vacuum  pump  becomes  an  additional  element.  If  hot  water 
is  the  medium,  circulating  pumps  installed  to  circulate  the  water 
and  heaters  to  transfer  the  heat  of  the  exhaust  steam  to  the  water 
are  used  instead  of  the  vacuum  pump. 
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Having  arrived  at  the  cost  of  heat  manufactured  at  the  station 
and  the  cost  at  which  the  customer  can  manufacture  it,  note  that 
whatever  gain  or  loss  there  may  be  in  any  method  is  undoubtedly 
in  the  transmitting  apparatus  or  process  between  the  station  and 
the  customer,  as  the  amount  to  be  furnished  and  the  cost  of  man- 
ufacture is  identical  by  any  method. 

Probably  the  most  mistakes  in  this  class  of  work  have  arisen 
from  an  improper  consideration  of  the  question  of  transmission. 
A  good  thing  in  heating  is  like  other  good  things,  it  costs  money. 
Still  strange  as  it  may  seem,  quite  a  large  majority  of  investors 
ignore  the  fact  that  the  entire  aim  of  engineering  practice  is  to 
produce  that  which  is  competent  to  do  the  work  and  pay  the  best 
dividend,  not  merely  to  show  how  cheaply  pipe  and  other  materials 
may  be  buried  underground. 

Imagine  an  engineer  examining  a  central  station  and  finding  a 
heater  of  600  square  feet  of  surface,  rightly  calculated  to  transmit 
heat  at  800  heat  units  per  square  foot  per  hour,  for  each  degree 
of  difference  in  temperature.  If  he  walks  outside  and  finds  four 
miles  of  pipe  underground,  averaging  i  foot  of  surface  to  each 
lineal  foot,  he  calculates  about  21,000  square  feet  of  surface  to 
transmit  or  lose  heat.  If  he  finds  the  snow  melted  on  top  of  the 
ground,  the  said  pipe  being  three  feet  below  the  surface,  he  calcu- 
lates the  loss.  He  might  also  learn  that  some  customers  do  not 
get  enough  heat,  while  some  get  too  much,  and  would  reason  that 
the  flow  was  not  equalized.  He  sees  men  digging  in  mud,  to  re- 
pair a  gasket  blown  out  on  account  of  buckling  or  the  strain  on 
the  main.  He  looks  for  means  for  taking  care  of  expansion  and 
finds  a  common  slip  joint,  as  good  as  new  and  600  feet  away;  in 
fact  it  has  never  moved  since  it  was  put  in.  As  to  the  flooding 
of  the  main,  and  the  presence  of  surface  water,  he  reasons  that 
siicJi  heating  mains  are  excellent  condensers.  He  may  find  leakage 
caused  by  too  many  flimsy  joints,  taps  or  connections.  His  cal- 
culations might  show  a  loss  of  S6,ooo  worth  of  coal  a  year. 

Attention  is  called  to  these  things,  not  for  the  purpose  of  fault- 
finding, but  simply  as  an  illustration  of  some  of  the  difficulties  that 
have  to  be  met  and  overcome.  It  is  no  wonder  that  mistakes 
have  been  made,  but  if  we  persist  we  deserve  censure.  Bear  in 
mind  that  you  are  liable  to  have  eight  customers  to  every  hundred 
feet  in  the  business  districts.  You  cannot  always  turn  your  pipe 
at  right  angles  to  take  up  expansion;  neither  have  you  a  convenient 
iron  post  to  anchor  the  pipe  to,  or  a  building  that  insures  drainage. 
Your  pipe  must  run  up  and  down  grade  and  be  properly  drained 
in  either  case.  You  are  confined  to  a  height  of,  say,  three  feet 
and  a  width  of,  say,  three  feet  to  get  in  all  that  is  necessary  for 
proper  operation. 

Fig.  2  illustrates  a  typical  street  and  some  cross-streets,  showing 
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a  line  of  mains  and  connections  to  various  stores,  brick  residences 
and  frame  residences;  the  stores  are  calculated  at  25  feet  apart. 
Bear  in  mind  that  the  mains  must  avoid  other  pipes ;  in  case  a  36- 
inch  water  main  obstructs  the  path,  the  heating  main  must  either 
go  over  or  under ;  all  connections  to  buildings  running  at   right 


Fig.  2. 


angles  to  the  mains  must  avoid  other  pipes  in  the  streets  running 
parallel  to  the  mains.  The  illustration  indicates  one  of  the  methods, 
in  which  case  the  connections  are  tapped  into  the  mains  with  about 


a  I -inch  water  cock.     In  expanding,  say,  6  inches  the  main  carries 
everything  with  it.     If  the  owner  of  the  plant  had  400  customers. 
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he  would  have  400  c  uttings  in  his  insulation  to  lose  heat,  400  small 
connections,  400  chances  for  leakage,  400  chances  to  one  that  a  big 
job  of  repairs  woulil  be  necessary  on  account  of  improper  provision 
for  expansion,  and  400  chances  to  one  that  with  a  poor  insulation, 
large  mains  and  low  temperature,  he  would  be  losing  money. 

Contrast  this  with  Fig.  3  and  see  the  simpler  method,  one  sub- 
stantial connection  serving  at  least  six  customers  (three  one  side  of 
the  street  and  three  on  the  other),  or  three  connections  to  the 
block.  Notice  that  the  stores  at  the  end  of  the  block  connect  to 
the  mains  on  the  side  streets.  This  view  also  illustrates  different 
methods  of  getting  to  buildings. 

In  the  system  of  mains  there  should  be  provided  the  following: 

1.  Substantial  anchorage. 

2.  Some  mechanically  correct  device  for  taking  care  of  expan- 
sion adapted  to  this  class  of  work. 

3.  Equalization  of  strain  due  to  expansion. 

4.  Freedom  to  expand. 

5.  Flexibility,  so  that  a  connection  of  any  reasonable  size  may 
be  readily  made  to  a  substantial  fitting. 

6.  Tight  joints. 

7.  Facilities  for  the  interchange  of  fittings. 

8.  Provision  for  outlets  from  substantially  fixed  points. 

9.  Accessibility  of  working  parts — joints,  valves,  etc. 

10.  Provision  for  the  maintenance  of  the  highest  temperature 
and  velocity. 

1 1.  Proper  equalization  and  distribution  of  heat. 

12.  Minimum  expense  in  making  connections  to  buildings  by 
having  the  least  possible  number  of  connections  to  the  mains. 

13.  Thorough  drainage  of  all  surface  water  to  protect  insulation 
and  prevent  flooding. 

14.  A  form  of  insulation  or  casing  which  offers  freedom  of 
movement  to  the  pipe,  is  waterproof,  protected  from  decay,  has  the 
least  tendency  to  open  at  the  joints  (either  from  weight  upon  it  or 
the  changes  of  temperature),  and  that  offers  the  highest  resistance 
to  the  escape  of  heat. 

Fig.  4  shows  forms  of  cases  that  are  usually  considered.  The 
views  are  from  sketches,  using  the  same  sized  pipe  to  show  the 
relative  thickness.  No.  i  is  the  common  box  which  may  be  suc- 
cessful on  short  runs,  but  under  the  general  conditions  referred  to 
it  would  be  entirely  inadequate.  No.  2  is  a  common  form  used  in 
hot  water  plants;  rough  i -inch  boards,  after  being  dipped  in  oil,  are 
nailed  to  ^4 -inch  strips  placed  at  right  angles.  In  some  cases  a 
layer  of  paper  is  put  between  the  boards,  the  claim  is  that  the 
strips  form  dead  air  spaces  and  give  good  results  as  insulators. 
There  are  two  pipes  in  the  same  box,  the  outgoing  and  the  return- 
ing, with  a  board  partition  between.     These  mains  carry  varying 
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Pipe    Casings 


Fig.  4. 


temperatures,  depending  upon  the  outside  temperature  of  the  at- 
mosphere; ordinarily  the  outgoing  might  be  i8o  degrees,  and  the 
return  i6o  degrees.  The  mains  are  placed  on  the  floor  of  the  box 
and  sometimes  sawdust,  mineral  wool  or  tan  bark  is  put  inside  the 
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box  with  the  pipe.  No.  3  shows  a  construction  with  tile  having  a 
shelf  for  a  roller  to  support  the  pipe,  the  tile  being  covered  with 
some  form  of  pipe  covering. 

No.  4  is  a  planked  construction,  machined  and  fitted  in  the  man- 
ner shown,  the  inside  lined  with  tin,  then  ,'g-inch  asbestos,  wood, 
corrugated  paper,  wood  and  asphalt um  pitch  on  the  outside,  all  in 
the  order  named ;  it  is  bound  with  wire  to  keep  the  joints  from 
opening  because  of  the  weight  of  earth  on  top  or  changes  of  tem- 
perature, which  is  from  60  to  230  degrees.  The  length  of  each 
section  is  8  feet  and  the  ends  have  mortise  and  tenon  joints.  No. 
5  is  known  as  the  solid  log  casing,  in  8-foot  lengths,  with  mortise 
and  tenon  joints,  is  tin-lined  with  asphalt  pitch  outside.  No.  6  is 
similar  to  No.  5,  except  being  made  in  sections  to  prevent  checking. 
It  is  bound  with  wire  to  prevent  opening  of  joints  due  to  weight  of 
earth  and  changes  of  temperature ;  it  has  asbestos  lining  and 
asphalt  pitch  covering. 

No.  7  is  made  in  8-foot  sections  with  flat  base,  has  vertical  sides 
to  prevent  opening  of  the  joints  due  to  weight  of  earth,  tin  and 
asbestos  lining,  mortise  and  tenon  joints  at  ends  and  asphalt  pitch 
covering. 

No.  8  is  the  same  as  No.  7,  but  made  of  two  layers  with  wool  felt 
between  the  layers,  to  further  prevent  transmission  of  heat. 

No.  9  is  of  plank  construction,  lined  with  tin  and  jVinch  as- 
bestos, machined  and  fitted  woodwork;  wool  felt  is  between  the 
woodwork  which  is  coated  with  asphalt  pitch  on  the  outside. 

No.  10  is  a  similar  construction  with  concrete  on  the  outside. 
This  is  adapted  to  streets  with  heavy  traffic;  it  also  shows  a  return 
pipe  and  drain  tile.  No.  11  is  a  similar  construction  and  having 
two  pipes  for  hot  water.  With  the  cheaper  forms  of  construction, 
as  with  No.  2,  a  common  practice  in  making  connections  to  the 
mains  for  a  customer's  supply  is  to  cut  into  the  insulation,  drill 
and  tap  into  the  main  pipe,  and  screw  in  a  one  inch  water  cock. 
The  pipe  is  led  off  about  at  right  angles  with  the  main,  and  is  sup- 
posed to  take  care  of  the  expansion  movement.  For  laterals  at 
cross  streets  use  is  made  of  crosses  or  ties,  which  are  also  used  as 
anchors  for  the  main  pipe.  Common  slip  joints  are  placed  about 
600  feet  apart.  With  this  construction  sub-drainage  is  geneally 
omitted.  A  single  pipe  construction,  for  hot  water,  has  been 
used,  where  Y  outlets  are  used  with  a  2-inch  supply  and  return  to 
the  same  main.  To  force  circulation,  a  valve,  or  stopper  is  also 
used  in  the  Y  fittings.  The  insulation  of  this  work  is  generally 
of  the  cheaper  plank  construction. 

An  illustration  of  a  form  of  two-pipe  construction  for  hot  water 
is  shown.  The  pipes  are  put  in  separate  casings,  the  object  being 
to  prevent  any  tendency  to  equalize.  The  anchorage  is  a  concrete 
foundation,  the  anchor  special  being  mounted  on  and  bolted  to  a 
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sole  plate,  supported  by  the  concrete  foundation.  Stationary, 
double  ended,  expansion  joints  are  used  instead  of  movable  ones 
to  equalize  the  end  thrust  and  they  are  usually  placed  about  300 
feet  apart;  being  stationary  they,  like  the  anchor  special,  form 
excellent  outlets.  The  idea  here  is  to  use  as  few  outlets  as  pos- 
sible, and  still  care  for  all  customers  in  the  manner  previously 
shown.  The  outlets  may  be  used  either  for  connections  to  cus- 
tomers or  for  a  lateral  or  branch  main.  Being  interchangeable  it 
is  an  easy  matter  to  take  out  an  entire  fitting  and  put  in  one  with 
larger  openings,  if  it  were  advisable  to  run  a  lateral  on  some  street, 
or  if  a  customer  required  a  larger  supply  pipe.  In  this  construc- 
tion the  casing  is  left  intact,  connection  being  only  from  the 
fittings  which  are  accessible  in  manholes  as  shown.  The  fittings 
have  offset  outlets,  so  that  the  going  and  returning  connection 
pipes  do  not  interfere,  and  outlets  are  on  both  sides,  as  customers 
are  on  both  sides  of  the  streets.  In  this  construction,  economy 
of  space  in  height  is  a  feature,  together  with  a  construction 
designed  to  carry  any  temperature  that  may  be  put  upon  it. 
With  this  construction  is  provided  a  tile  drainage  for  surface 
water,  connected  at  intervals  with  the  city  sewers. 

Modifications  of  the  construction  shown  suggest  themselves 
whether  for  a  one-pipe  direct  steam  system,  or  for  a  return  steam  and 
induced  circulation  plan.  Various  forms  of  expansion  joints — 
either  sliding  sleeves  or  copper  diaphragms  may  be  used.  These 
expansion  joints  are  combined  as  previously  stated  with  the  outlets, 
and  on  substantial  concrete  anchor  bases.  Valves  can  also  be  pro- 
vided in  the  construction  of  these  special  fittings  to  regulate  the 
supply  to  the  laterals.  As  indicated,  these  special  fittings  are  set 
in  manholes,  to  be  readily  accessible.  With  this  arrangement  the 
casings  are  not  disturbed  or  cut  into,  all  connections  being  made  at 
the  special  fittings — in  the  manholes — which  are  also  anchorages. 
Proper  under  drainage  connected  to  the  sewer  system  is  very  desir- 
able and  generally  installed— for  if  the  heating  mains  become  flooded 
with  ground  water  there  is  much  less  of  heat. 

Condensation  is  drained  from  the  mains  by  means  of  a  very  sim- 
ple device.  The  joints  acting  as  water  separators,  condensation 
from  the  lowest  part  passes  to  a  receiver,  where,  with  the  valve 
closed,  the  rate  may  be  gauged  by  the  water  glass ;  then  the  valve 
may  be  opened  just  sufficient  to  let  it  escape.  A  thermometer  is 
provided  so  that  the  discharge  may  also  be  regulated  according  to 
the  temperature.  Also  one  of  the  many  forms  of  thermostatic 
traps  for  the  same  purpose,  when  applied  in  buildings,  the  ther- 
mostat, which  is  a  hard  rubber  composition,  is  set  to  open  when 
the  temperature  is,  say,  at  212  degrees;  also  a  float  trap,  consisting 
of  a  copper  float,  which  rises  as  the  condensation  accumulates,  anil 
allows  its  passage  to  the  return  pipes.     The  last  two  are  used  in 
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buildings  or  possibly  in  other  methods  of  construction  for  the 
street  mains. 

A  hot  water  system  in  which  the  pipes  enter  the  building,  pass- 
ing through  a  controlling  valve,  then  to  the  radiators  and  return  to 
the  main  in  the  streets,  the  flow  being  regulated  on  the  return  as 
temperature  demands.     Fig.  5. 

Next,  a  return  steam  or  induced  circulation  system,  in  which, 
after  the  pipes  enter  the  buildings,  the  condensation  is  trapped  and 
returned  through  a  thermostatic  trap,  the  dry  steam  passing  to  the 
radiators,  on  the  return  side  of  which  is  placed  a  trap  to  prevent 
the  vacuum  from  causing  the  flow  to  short  circuit,  by  closing  the 
return  as  soon  as  the  temperature  required  has  been  attained  in 


Fig.  5. 

the  radiator.     Condensation  after  being  metered,  passes  to  the  re- 
turn pipe  and  to  the  station. 

There  is  also  a  direct  steam  heating  connection  in  which  the 
steam  enters  the  building,  passes  the  controlling  and  pressure 
reducing  valves  to  the  radiators.  The  condensation  is  trapped 
into  a  cooling  coil  or  indirect  radiator;  air  for  ventilation  is  admitted 
through  a  tin  lined  box,  passes  over  the  coil  and  provides  venti 
lation.  The  condensation  gives  up  its  heat,  to  the  extent  of 
reducing  the  temperature  to  about  125  degrees,  then  passes 
through  a  meter  which  measures  the  amount  of  steam  condensed, 
and  from  which  the  condensation  flows  to  the  sewer.      Fig.  5. 

Special  fittings  are  designed  for  underground  mains,  which  are 
similar   to   those   used   in   general,  and   include   90    degree  angle 
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joints  used  tor  turning  angles;  ball  joints  used  for  the  purpose  of 
bringing  flanges  parallel  to  each  other  when  necessary,  or  if  the 
mains  assume  a  slight  angle,  etc. 

The  varying  rates  charged  for  services  are  a  source  of  material 
error.  In  hot  water  plants  it  may  be  i  cent  per  season  for  each 
three  cubic  feet  of  space  in  any  and  all  kinds  of  buildings;  another 
charges  1 2  y>  cents  per  square  foot  of  radiation;  while  another  asks 
one- fifth  the  price  of  the  coal  per  ton  in  cents  per  foot  of  radia- 
tion which,  at  52.00  for  coal,  would  be  40  cents  per  square  foot 
of  radiation.  For  a  steam  system  the  charge  varies  from  $2.50  to 
$4.00  per  thousand  cubic  feet  of  space  heated,  (inside  measurement) 
to  a  price  of  S8.00  per  thousand  feet  for  any  and  all  buildings,  or 
it  may  be  18  cents  to  45  cents  per  square  foot  of  radiation.  An- 
other method  coming  into  use  is  meter  measurement,  from  30  to 
65  cents  per  thousand  pounds  of  condensation.  This,  of  course, 
is  not  applicable  in  a  hot  water  system. 

Rates  seem  to  have  been  applied  indiscriminately,  without 
regard  to  cost  or  the  heat  units  furnished.  The  latter  is  un- 
doubtedly the  correct  principle.  A  rate  per  cubic  foot  is  open 
to  the  objection  that  consideration  is  not  given  to  the  fact  that 
one  building,  owing  to  its  construction,  requires  less  heat  than 
another.  A  charge  per  square  foot  of  radition  is  open  to  the 
objection  that  a  square  foot  of  radiation  used  in  a  hallway,  a  post- 
office  or  a  butcher's  shop,  is  usually  called  upon  to  do  twice  the 
work  it  might  if  located  in  a  parlor.  Again,  a  rate  of  30  cents 
per  square  foot  of  radiation  for  heat  at  a  temperature  of  140 
degrees  inside  the  radiator,  requiring  715  square  feet  of  radiation 
in  the  building,  is  not  an  equivalent  of  the  same  rate  for  an  inside 
temperature  of  220  degrees,  requiring  333  square  feet  of  radiation. 

The  meter  method  has  some  advantages,  among  which  is  the 
fact  that  the  customer  may  shut  off  the  heat  from  any  part  of  the 
building  not  in  use.  It  is  a  point  of  economy  for  the  station,  as 
the  customer  will  be  more  liable  to  shut  off  the  heat  than  to  open 
a  window,  which  he  might  do  if  the  heat  be  furnished  by  contract. 
Meter  measurement  has  the  disadvantage  of  not  taking  into  con- 
sideration the  value  of  the  service,  which  should  be  done  in  cases 
such  as  the  heating  of  an  office  room,  where  if  it  were  not  for  the 
heating  plant  the  occupant  would  have  to  put  up  a  stove.  The 
writer's  suggestion  is  that  the  meter  charge  per  thousand  pounds, 
to  those  using  small  quantities,  be  increased;  for  instance,  assum- 
ing the  base  rate  to  be  50  cents,  charge  to  those  averaging  20,000 
pounds  condensation  per  month,  55  cents;  for  15,000  pounds,  60 
cents;  for  10,000  pounds,  65  cents;  and  for  5,000  pounds,  70  cents 
per  thousand  pounds  of  condensation.  This  should  be  satisfactory 
to  the  customer  in  the  case  mentioned,  add  materially  to  the 
revenue  of  the  plant,  and  correct  an  error.     This  base  rate  men 
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tioned  should  be  determined  for  each  locality,  and  should  depend 
on  the  cost  of  the  coal,  average  outside  temperature,  number  of 
days  of  service,  cost  of  plant,  heat  value  of  the  coal  used  and 
cost  of  labor  to  handle  the  various  properties. 

A  table  has  been  prepared  for  this  paper  to  show  the  variation, 
in  which  all  the  items  are  considered,  with  the  same  margin  of 
profit  added.  It  assumes  35  degrees  as  the  average  temperature; 
^2.00  per  day  for  labor;  feed  water  at  180  degrees;  drip  to  sewer, 


HEATING    RATES   roa  lOOO  L«s.  WATER 


H 

ZAT  UNITS    VAUUE 

•- 

">•'- 

-■" 

■•-- 

.0- 

to. 

=  1. 

" 

i« 

.l*-i 

'■i^ /^4%^4f^^X'^%^4^^^Z^4^^^^^^ 

^m^i 

.^/ 

10.75 

26    25 '24;   24   23'!  23   22^'  22I  21  'zO^j  20  '  131'  13    'i9i'  16     174  17     16  J '16  'iSJ   iS    'itL'  1*   jUi  13 

,2 

,|i 

11       10 

1.00 

3S    34-,33|32J 

32 

31    301 

30  j29  j2»|27i  27    26 

251 

25 124^23^ 

23    22'21i 

21 

20 

13 

181 

,71,7      61 

16 

I.IS 

4-3  'c-2.  A-\'i  4-0 

39} 

38J 

37J 

SeJjsJMt 

34- {33 

32 

- 

30 

23   261 

27iJ26i26 

25 

4.4 

23 

22 

1,  1201120 

19 

18     17 

LSO 

52   51  Is0;4a 

4*^ 

47i 

4-6|4-s|44|4-3 

*|tUo 

39  |3B 

37 

36135 

34|32t:3li    30 

23  i  2.6 1 27  j  16  ]  25  J  231;  22SJ  2 1 1 

20t 

1.75 

60    S3  58  56j 

55^ 

54ij53'5lil50l4-3 

4a'4.6J4S|4-4 

43 

41^40 

33  37136  35    34^32^31  '30  '  23'27ll  26^25 

24 

2_00 

£6i  66i    65    €4 '621,61    ,60 

56^^57    55^54    53   Si^jso 

46j'47    4-6  *4i43  4|i  4-0  38t  371  J6    34t33  3|i;30    29   271 

2.i5 

76  ,74;.  73  71^.70  68^ 

67 

65i 

"t 

62J6I     59   571156^ 

541  53   511,  50  48147  451  44' 42 

401|  33,371 

36 

341;  3  2'.;  31 

2..50 

84;»2i!ai  j73  '77i:7Jj 

74.^ 

7iJ 

70} 

6S 

671651  64    £2 

60t|5a^37    55J|54  52i50i,4BJ 

A.7 

45 

*3h 

42 

40 

W 

361  35 

i.75 

93    91  '93  87  ,85^,8^ 

60 

78 

76 

741 

72i70i68^!66'jfa5 '63    61     53    57  issi^SSJ^SlJ; 

4^ 

48 

46 

44 

42y 

4, 

40  1381 

300 

101  !33  |97  9s!93  |9I 

89 

87 

85 

85 

81     78176i|74l|72l^70l!68jJ66i|s4^62i 

60i 

5^ 

56 

54- 

52. 

50 

481 

4S1 

431:42 

3  2S 

no  108  l06l03^Wli'93 

97 

94J 

-1 

90 

88  aS5B3l]Bl    |79    761,75 

72i70ij68 

66 

64 

6'i 

59 

57 

55 

53 

501 

46    46 

J.SO 

il8'll6'll4   Ml  :i09,1061 

i04 

102 

99, 

37 

^192  90    a71 

»S    -.180 

76|76J73 

7°i 

6H 

65iJ63i!so; 

59'56l]54  5,1  49 

3.75 

126  12^,2,^:llBL^ii6iL,3ijlll    ;i06i|io6  lOStjol     97i  96  |93i^ 

31     86;86 

831I81   |78S 

76 

7J1   71     63    66   631  61  'S8i^56  !531 

4-.00 

I35'l32'l23^jli7;i24;iiiljli6iin6  |li3jllioi 

1081051.0^1 

,00 

97    9*1,32 

63 

66i]a3i 

61 

781  76    73  >0^  6  8  '65^621:53157 

A-.ZS 

I-V3;140  I37J,I34J132  i29ll26[ll3Jl2Qjjiai 

„s;...J 

I06 

103j]lo<^97i 

35 

32 

83 

efiij 

8jy»01;78]75  ;7i.;69i66  !6316l 

4  SO 

152  149  146  l43'14oJl37;  13^1311  126  125 

,23^  "« 

.13 

no  jlOT  104 

lOI 

97^ 

94i 

911 

63'6Sll»2J73^76i'73ll70il67i'645 

4.75 

160  .57  .54  I50i;,*7.,^i*i^,36|135  i^lj 

126^115112.2.  119  j:  16  ;il2^'l09il06i'loi' .oojsT 

93190    67  84,81    77i  74-  71:69 

500| 

16b  165  161^1561155    152  i««ijl-*5Jl42\5bi^|.s    1 52  IZB^'l 25  1 22' 1:85.1 15  '  u 2  i08i  105  i02 

98J95    Sa  8»ia5!»2.'78J7S,72 

180  degrees ;  then  bases  the  rate  on  the  heat  value  of  the  coal  and 
its  price  per  ton,  For  coal  at  $2.00  per  ton  arid  with  1 1,250  B.  T. 
U.,  the  rate  is  50  cents,  while  for  coal  at  $4.00  per  ton,  and  14,000 
B.  T.  U.  the  rate  is  705^  cents. 

Considering  the  50  cent  rate  and  the  heat  units  given  out  of  the 
radiators,  it  means  about  47  cents  per  1,000,000  heat  units  of  effi- 
cient heat,  which  is  a  little  better  than  30  cents  per  square  foot  of 
radiation  for  an  inside  temperature  of  220  degrees.  This  differ- 
erence  pays  for  the  meter  usually  furnished  by  the  station  man- 
ager free  of  charge.  The  reasonable  equivalent  of  any  rate  in  a 
price  per  square  foot  and  by  any  method  may  be  found  by  multi- 
plying the  base  rate  by  the  constant  given  in  right  hand  corner  of 
the  table,  representing  the  temperature  at  which  heat  is  furnished 
inside  the  radiator. 

To  show  you  what  this  means,  assume  a  building  and  a  charge 
of  Si 00.00  per  season  for  heat  furnished  by  any  method.  As  dif- 
ferent temperatures  in  the  radiator  regulate  the  amount  of  radia- 
tion, it  should  also  regulate  the  price  per  foot.  In  the  quantities 
shown  for  instance,  a  charge  of  30  cents  per  foot  where  220  degrees 
is  furnished  inside  the  radiator,  is  the  equivalent  of  14  cents,  if  140 
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degrees  be  furnished,  there  being  a  corresponding  difference  in  the 
amount  of  radiation. 

In  a  table  of  rates  by  which  buildings  may  be  heated  according 
to  the  cubical  contents  and  construction,. this  is  also  a  reasonable 
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equivalent  of  the  base  rate  referred  to ;  it  classifies  the  buildings 
and  space  heated  and  suggests  rates  according  to  the  value  of  the 
service.      For  instance,  the  man  who  emptied  the  ashes  in  the  alley 
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would  no  doubt  be  perfectly  willing  to  pay  you  a  $12.00  rate  for 
the  season's  heating,  and  the  man  with  the  frame  residence  would 
pay  a  $5. 00  rate  for  the  service  rendered  him.  Those  who  are  using 
these  rates,  or  charging  similar  prices,  consider  them  fair  and 
profitable. 

A  complete  condensation  meter  ran  be  attached  to  the  drip  or 
return  pipe  on  any  form  of  steam  heating.  It  measures  the  vol- 
ume of  water  passing  through  it,  registering  one  pound  for  each 
27yV  cubic  inches,  this  being  the  average  volume  of  one  pound  of 
water  pumped  into  the  plant  to  be  manufactured  into  steam.  In 
operation  it  is  simple,  consisting  of  a  poised  tank,  having  two  com- 
partments arranged  so  that  as  soon  as  one  side  has  its  quota,  it  tips 
and  empties,  while  the  other  side  fills.  It  may  be  adjusted  to  suit 
the  volume  equal  to  the  temperature  at  which  it  may  be  required 
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to  weigh.  It  operates  without  pressure,  and  it  matters  not  if  the 
condensation  comes  to  it  in  spots,  dribbles,  or  gushes ;  its  duty  is 
always  performed. 

The  average  temperature  in  this  locality  during  the  heating 
season  is  about  35  degrees;  buildings  are  usually  heated  with  an 
amount  of  radiation  that  will  keep  the  room  at  70  degrees  in  zero 


Meter  for  Water  of  Condensation. 

weather,  therefore,  any  system,  either  of  metering  the  heat  used, 
or  heat  regulation,  is  a  big  saving  to  the  heating  plant,  as  com- 
pared with  the  practice  of  past  years,  and  even  that  of  some  good 
money-making  plants  of  today. 

There  are  a  number  of  heat  regulating  devices.  Probably  the 
plan  meeting  with  most  favor  at  present  is  to  operate  a  diaphragm 
controlling  vaK^e  at  the  building  by  air  pressure  furnished  from  the 
central  station,  the  controlling  valve  being  set  in  operation  by  a 
thermostat  in  a  similar  manner  to  that  seen  in  offices  and  other 
buildings. 

The  value  of  exhaust  steam  from  a  lighting  plant  is  a  variable 
quantity,  depending  upon  the  amount  available.  It  is  not  the  pur- 
pose of  this  paper  to  present  data  from  some  particular  plant,  or 
the  writer  could  show  you  an  instance  in  which  a  large  quantity  of 
exhaust  steam  being  available  and  other  favorable  conditions,  had 
netted  the  station  a  clear  gain  of  $18,000.00  last  year.  Such  cases 
are  not  fair  samples,  but  as  considerable  is  being  said  about  the 
value  of  exhaust  steam,  your  attention  is  called  to  a  paper  by  A, 
W.  Ritchie  and  B.  S.  Swenson,  read  before  this  society  on  Septem- 
ber 6th,  1900,  which,  in  dealing  in  the  efficiencies  of  electric  light- 
ing plants,  gives  (as  others  have)  the  percentage  value  of  heat  in 
exhaust  after  heating  the  feed  water,  at  approximately  50  per  cent 
.of  the  value  of  the  coal.  Therefore,  assuming  an  electric  light 
plant,  having  a  coal  bill  of  $10,000  per  year,  the  value  of  the 
exhaust  for  200  days  would  be  $5,480  less  50  per  cent  due  to  the 
inability  to  utilize  it  at  the  time  of  delivery.  This  makes  it  $2,740, 
or  in  round  numbers  27  per  cent  of  the  coal  bill  at  the  electric 
plant,  or  18  per  cent  of  the  coal  bill  at  the  heating  plant.  Assum- 
ing this  heat  to  be  utilized  in  a  central  station  heating  plant,  having 
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a  coal  bill  of  %\  5,000  per  year,  it  would  save  18  per  cent.  In  order 
to  use  it,  however,  the  size  of  the  mains  must  be  increased  which 
means  added  loss  in  transmission,  so  that  it  is  questionable  if  in  all 
cases  there  is  any  economy. 

By  this  time  you  have  formulated  in  your  minds  some  idea  as  to 
proper  business  methods,  the  cost  of  heat  manufactured  at  the 
station ;  the  cost  if  manufactured  by  the  customer ;  the  difficulties 
to  be  encountered ;  the  character  of  the  apparatus  preferable  to  use 
for  transmission  ;  the  rate  of  charge  and  the  value  of  exhaust 
steam.  In  formulating  an  idea  as  to  the  method  best  to  employ, 
the  things  to  be  considered  are: 

First.  The  cost  of  mains,  which  is  (assuming  first  class  con- 
struction) from  $2.00  to  $20.00  per  foot,  according  to  size.  A  10- 
inch  main  for  direct  steam  costing  in  all,  say,  :&7.oo  per  foot.  This 
would  also  apply  to  mains  of  the  same  size,  using  exhaust  steam. 
For  an  induced  circulation  method,  then,  135  per  cent  of  the 
amount,  and  for  hot  water,  165  per  cent  of  the  amount,  on  account 
of  the  additional  or  return  pipes. 

Second.  The  carrying  capacity  of  the  mains  in  heat  units, 
which  is  dependent  upon  the  velocity  at  which  the  medium  travels, 
its  volume  and  heat  units  contained. 

Third.  The  loss  in  transmission  due  to  the  inefficiency  of  insul- 
ation, and  distance  traveled  in  going  and  returning. 

Fourth.  Loss  of  heat  units  to  the  sewer,  if  unused  heat  be  not 
returned,  from  draining  the  condensation  into  the  sewers. 

Fifth.      Loss  in  traps  and  devices  used  to  induce  circulation. 

Sixth.  Loss  in  regulation,  due  to  imperfect  control  of  heat, 
whereby  the  heat  furnished  is  greater  than  that  required  to  do  the 
work  with  due  consideration  of  the  outside  temperature. 

Seventh.     The  credit  value  of  exhaust  steam. 

Eighth.     The  credit  value  of  heat  units  returned  to  the  station. 

To  determine  these  qualities  precisely,  as  is  sometimes  done  in 
tests  of  engines,  would  require  observations  each  hour  for  200  days, 
at  each  building,  owing  to  the  almost  hourly  variation  in  tempera- 
ture. As  stated,  the  writer  knows  of  no  such  tests  having  been 
made;  neither  does  he  know  of  any  standard  rule  applicable  to  all, 
that  is  reliable.  Observations,  however,  have  been  made  by  the 
writer  and  intelligent  station  managers,  such  for  instance,  as  a 
determination  of  the  loss  in  transmission  by  placing  thermometers 
or  guages  at  different  points  in  the  mains,  also  trapping  and 
weighing  condensation;  observing  the  average  temperature  and 
quantity  of  condensation  passing  to  the  sewer ;  observing  the  dif- 
ference between  the  amount  of  heat  used  in  buildings  where  heat 
is  simply  turned  on,  in  comparison  with  the  amount  used  or  sold 
by  meter  to  the  same  customer ;  observing  the  loss  through  single 
traps  placed  on  a  steam  main  and  connected  with  a  vacuum  pump; 
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observing  the  quantity  and  temperature  at  which,  after  the  return 
vapors  or  steam  together  with  condensation  has  been  through  the 
condenser  of  the  pump,  is  given  back  to  the  boiler  for  reheating ; 
observmg  the  amount,  cost  and  quahty  of  the  coal  used  to  perform 
the  duty  required ;  observing  and  estimating  the  duty  by  weighing 
condensation  in  typical  buildings  ;  all  these  observations  analyzed 
in  connection  with  the  receipts  are  a  simple  method  whereby 
results  may  be  reasonably  judged  and  deficiencies  located. 

In  order  to  convey  a  fair  idea  of  the  heat  carrying  capacity, 
losses,  advantages  and  disadvantages  under  which  stations  using 
different  methods  are  practically  operated,  a  set  of  tabulated  obser- 
vations are  submitted  in  which  for  the  purpose  of  comparison,  the 
cost  and  selling  price  of  heat  is  the  same. 
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You  will  notice  that  in  each  a  lo-inch  main  is  used ;  numbers  i, 
2,  and  4  are  from  plants  in  operation  observed  by  the  writer  with 
information  from  the  managers.  As  it  is  almost  impossible  to  find 
plants  similar  in  conditions,  some  explanation  is  necessary.  First, 
No.  I  carries  a  higher  pressure  than  is  usual.  The  manager  rightly 
argues  that  high  pressure  means  increased  velocity,  low  volume  and 
increased  heat  units.  Consequently  as  the  transmission  loss  in  any 
given  form  of  insulation  is  practically  constant,  he  gets  a  greater 
efficiency.  Note  the  total  losses,  the  loss  to  the  sewers,  etc.,  the 
space  heated  and  the  percentage  of  profit,  which  of  course  does  not 
take  into  account  interest  and  other  business  charges.  It  is  given 
in  each  case,  however,  for  a  comparison. 

No.  2  uses  exhaust  and  carries  five  pounds  pressure.  These 
mains  are  not  as  long,  in  fact  a  smaller  plant  but  necessarily  a  lo-inch 
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main  on  account  of  the  increased  volume.  Note  the  credit  of  i8 
per  cent  for  exhaust  steam  used ;  a  total  loss  of  29  per  cent,  space 
heated,  and  percentage  of  profit. 

Passing  to  No.  4,  a  hot  water  plant.  Information  and  observa- 
tion were  meager.  Note  the  space  heated,  credit  for  exhaust  steam, 
the  loss  in  transmission  due  to  two  pipes,  low  temperature,  and 
possibly  poor  insulation.  It  does  not  seem  to  be  making  money. 
Note  the  comparison  of  heat  units,  capacity  in  each  of  the  four 
cases,  it  is  interesting  as  an  illustration  of  the  capacity  of  pipes  under 
different  conditions  Note  that  one  pound  of  water  carries  only  20 
heat  units.  The  table  at  the  right  is  the  variation  of  temperature 
of  the  hot  water  going  out,  relative  to  the  temperature  of  the  atmos- 
phere, and  the  probable  heat  units  used  by  a  typical  customer,  un- 
der varying  conditions,  if  his  house  cost  to  heat  about  $100.00 
worth  of  coal,  as  shown  in  previous  illustrations.  The  writer  is  in- 
formed that  there  are  a  number  of  similar  plants  making  money; 
therefore,  if  his  observations  are  unfavorable,  it  is  for  the  want  of 
personal  knowledge.  In  any  event,  we  desire  to  see  this  plant  a 
success  and  the  suggestion  may  be  a  good  one  that  in  view  of  what 
No.  I  is  doing,  if  No.  4  will  raise  the  outgoing  temperature  to  twice 
the  amount,  he  will  have  the  same  losses  but  the  percentage  of 
loss  will  be  less,  also  reduce  the  temperature  of  the  return,  and  the 
main  will  become  that  much  more  efficient.  To  double  the  amount 
of  heat  transmitted,  means  doubling  the  capacity,  efficiency,  and 
revenue.  If  his  mains  will  not  stand  the  strain,  they  should  be 
improved. 

Having  cajled  your  attention  to  induced  circulation,  this  paper 
would  not  be  complete  unless  it  gave  some  intimation  of  its  possi- 
bilities. Therefore  in  explanation  of  No.  3,  I  will  say  that  it  is 
not  based  on  a  station  in  operation  as  others  are.  Observations, 
as  I  have  already  explained,  have  been  made  of  the  efficiency  of 
traps  and  the  value  of  return  heat;  therefore,  with  the  known 
volume  and  heat  units  value  of  one  pound  of  steam  at  atmosphere, 
the  velocity  being  assumed,  the  illustration  is  given  to  show  a 
reasonable  comparison.  You  will  note  that  as  there  are  two  pipes 
(lo-in.  and  3-in.),  it  has  added  a  loss  in  transmission.  On  the 
other  hand,  there  is  increased  velocity  and  returned  heat  units  to 
be  credited.     Its  application,  however,  should  be  a  judicious  one. 

A  few  months  ago  the  writer  was  asked  to  formulate  a  set  of 
questions  by  parties  investigating  the  subject  of  heating,  the  inten- 
tion being  to  find  out  direct  from  those  operating  plants  what  was 
the  state  of  the  art,  and  if  in  tJieir  opinion  heating  from  a  central 
station  was  a  success.  These  questions  were  sent  to  stations  of 
all  kinds,  and  replies  were  received  from  about  one  half  of  those 
questioned.  It  was  found  that  out  of  the  replies  received  (except- 
ing of  course,  those  that  were  vague)  about  an  equal  number  were 
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from  stations  using  direct  steam,  live  and  exhaust,  and  hot  water. 
For  the  purpose  of  this  paper,  the  writer  has  permission  to  use 
this  information,  which  is  tabulated,  and  necessarily  simplified 
from  some  of  the  original  replies  to  yes  or  no;  he  has  also  with- 
held the  names  as  not  being  proper  to  the  exhibit;  also  the  cause 
of  difficulty  when  it  occurred.  The  prosperous  ones,  however, 
seemed  to  have  very  little  trouble.  In  presenting  this  tabulation, 
which  is  typical  of  others,  the  writer  would  say  that  the  original 
replies  are  in  his  possession,  and  from  which  the  figures  may  be 
verified. 
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From  what  has  been  said  you  will  no  doubt  be  able  to  analyze 
this  interesting  report  yourselves.  Your  attention  is  called,  how- 
ever, to  the  figures  given,  as  indicating  the  percentage  of  profit  in 
the  business.  The  writer  desires  to  say  that  these  stations  are 
not  all  equipped  or  operated  in  the  best  manner  possible,  yet  a 
majority  are  profitable. 

In  conclusion,  the  writer  expresses  the  opinion  that,  under  the 
direction  of  good  engineering  advice,  the  business  of  heating  from 
a  central  station  will  improve,  and  the  hope  that  this  paper  has 
given  you  reasonable  grounds  for  believing  that  heating  from  a 
central  station  is  a  success  when  proper  methods  of  business,  with 
good  engineering  and  apparatus  are  used. 

DISCUSSION. 

Mr.  R.  L.  Gijford — In  regard  to  the  method  employed  in  arriv- 
ing at  the  value  of  exhaust  steam  which  is  given  in  table  as  i8  per 
cent.  If  I  remember  correctly,  it  was  deduced  from  a  single  illus- 
tration wherein  they  had  exhaust  steam  of  a  value  of  $2,750.00  a 
year,  and  a  large  amount  of  live  steam  was  necessary  to  carry  the 
heating  load.  In  that  case  the  exhaust  steam  was  18  per  cent  of 
the  total,  but  this  would  not  be  true  of  other  plants. 
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Mr.  Pearce — I  gave  these  figures  simply  to  show  what  is  some- 
times reahzed  in  practice,  and  also  to  show  notwithstanding  that 
the  cost  of  exhaust  steam  might  be  90  per  cent  of  the  cost  of  the 
coal,  its  actual  value  under  the  conditions  mentioned  would  be  18 
per  cent  of  the  cost  of  coal  to  the  heating  plant,  although,  as  I 
have  stated,  there  were  instances  where  its  value  was  much  higher. 

Mr.  Gifford--Oi  course  that  is  entirely  dependent  on  the  rela- 
tive amount  of  exhaust  steam  available,  or  the  proportion  of  the 
exhaust  to  live  steam  required.  Take  the  average  plant-  -the  heat 
units  available  for  heating  in  the  exhaust  steam  are  certainly  85 
per  cent  of  the  heat  units  available  in  the  same  horse  power  of  live 
steam,  so  that,  as  a  general  proposition,  I  think  18  per  cent,  as  a 
value  of  heat  units  in  exhaust  steam,  is  entirely  too  low,  I  think 
85  per  cent  would  be  nearer  right,  because  in  a  majority  of  plants 
where  engines  are  run  non-condensing  there  is  enough  exhaust  to 
do  the  heating. 

Mr.  Pcarcc — We  must  bear  in  mind  first,  that  the  efficiency  of 
the  boiler  is  say,  70  per  cent.  Deduct  from  this  the  heat  used  by 
the  engine  and  that  required  to  heat  the  feed  water,  then  as  shown 
by  the  authorities  quoted,  the  actual  heat  value  of  the  exhaust  is 
but  55  per  cent  of  that  of  the  coal.  Now  consider  that  you  utilize 
this  but  200  out  of  the  365  days  and  make  due  allowance  for  waste, 
and  you  will  find  the  actual  money  value  of  the  exhaust  in  the  case 
shown  is  substantially  18  per  cent  of  the  coal  bill. 

i\Ir.  Gijford — If  we  have  an  induced  return  or  vacuum  system, 
so  that  back  pressure  is  eliminated  from  the  engine  supplying  the 
exhaust,  that  is,  so  that  this  exhaust  steam  is  circulating  without 
any  resultant  loss  in  the  power  production,  the  exhaust  steam  is 
equal  to,  say,  85  per  cent  of  an  equal  horse  power  or  quantity  of 
live  steam. 

In  a  great  many  plants  there  is  exhaust  steam  available  to  carry 
the  heating  load,  and  where  that  steam  is  circulated  without  back 
pressure  and  all  the  condensation  is  brought  back  to  the  boilers, 
you  are  getting  your  heat  as  a  by-product. 

Of  course  it  is  self  evident  that  the  exhaust  steam  is  not  used 
for  heating  all  the  year  round,  but  that  does  not  affect  the  per 
cent  of  heating  value  of  the  exhaust  as  compared  with  an  equal 
amount  of  live  steam. 

Mr.  Pearce — I  grant  that  80  or  85  per  cent  may  be  the  heat 
units  value  of  the  exhaust,  and  that  it  cost  80  or  85  per  cent  of 
the  coal  bill  to  produce;  what  the  paper  intends  to  show  is  that 
the  value  to  the  heating  plant  of  that  portion  which  is  utilized  by 
the  heating  station  in  the  illustration  given  is  but  18  per  cent  of 
the  total  coal  bill  of  the  heating  plant, 

George  iVcllsby  Scott  (by  letter)  —While  Mr.  Pearce  has  spoken 
at  length  upon  the  subject  of  his  paper,  there  are  several  points 
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concerning  which  further   information  would   be  valuable,  and   in 
this  connection  I  would  ask  the  following  questions : 

(A)  What  is  the  greatest  continuous  length  of  planked  conduit 
construction  similar  to,  say.  No.  9,  in  successful  service  today  ? 

(B)  How  many  years  has  it  been  in  service  ? 

(C)  What  is  its  present  condition  ? 

(D)  When  opening  up  the  form  of  conduit  shown  in  No.  9,  say, 
for  the  purpose  of  making  additional  connections  to  the  main,  or 
for  changing  connections  already  in  place,  what  is  the  preferred 
method  adopted  to  prevent  the  collapse  of  the  structure  }  Also, 
what  course  is  pursued  to  insure  the  proper  replacement  of  the  suc- 
cessive layers  and  make  good  the  end  joints  of  the  boards }  In 
asking  these  questions  I  assume  the  boards  to  break  joint  in  their 
lengths.  If  however,  they  do  not,  will  Mr.  Pearce  please  describe 
the  most  approved  method  with  respect  to  arranging  and  closing 
the  joints  at  the  ends  of  unit  lengths.? 

(E)  How  are  the  joints  in  the  main  conduit  (Fig.  9)  formed  with 
respect  to  the  junction  of  lateral  conduits .''  I  am  not  referring  to 
the  principal  lateral  connections  made  at  fixed  and  anchored  points 
in  the  main,  but  to  parts  between  such  fixed  points } 

(F)  With  respect  to  the  practice  of  measuring  the  amount  of 
water  of  condensation  as  indicating  the  value  of  the  service  ren- 
dered :  Is  it  not  a  fact  that  such  a  method  would  suffer  by  reason 
of  a  less  favorably  located  branch  or  lateral  carrying  more  entrained 
water  than  a  more  favorably  located  one.? 

In  his  reference  to  exhaust  steam  heating  Mr.  Pearce  states  that, 
compared  with  live  steam  mains,  larger  mains  would  be  required 
for  an  equivalent  service  and  that  this  would  involve  added  losses 
in  transmission  ;  and  he  questions  if,  after  all,  there  is  any  resulting 
economy  in  the  use  of  exhaust  steam.  The  author  may  have  most 
excellent  grounds  for  this  conclusion  ;  but  I  scarcely  think  he  would 
care  to  have  this  expression  understood  as  being  applicable  in  gen- 
eral. If  he  does,  I  would  like  to  ask  if  he  means  that  having  exhaust 
steam  available  he  would  discard  it  in  favor  of  live  steam  for  heat- 
ing purposes } 

But  the  advantages  in  favor  of  exhaust  steam  heating  are  so 
many  as  to  leave  no  doubt  concerning  the  economical  results  attend- 
ing its  application  and  use.  In  the  first  place,  the  very  considera- 
tion of  exhaust  steam  necessarily  implies  the  fact  of  a  prior  use 
having  been  made  of  the  steam,  and,  hence,  whatever  further  use 
can  be  made  of  this  exhaust  or  waste  steam  may  he  had  free  of 
charge  save  for  the  comparatively  small  item  of  cost  for  its  operation. 

Mr.  Pearce  has  referred  to  a  central  heating  station  in  association 
with  an  electric  lighting  plant,  and  such  a  plant  may  be  considered 
with  reference  to  the  following  remarks  :  Other  things  being  equal, 
it  is  plain  that  with  respect  to  the  production  of  electricity  some 
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form  of  compound  condensing  engine  would  be  the  most  desirable. 
Such  an  engine  would  cost  more  than  a  simple  or  even  compound 
non-condensing  engine,  and  its  condensing  apparatus  would  occupy 
space  not  required  in  the  case  of  the  non-condensing  engine.  Its 
etficicnc}',  or  degree  of  economy  would,  however,  be,  say,  20  to  25 
per  cent  higher  than  that  of  the  non-condensing  engine,  and  to  this 
extent  there  would  be  a  direct  advantage  in  favor  of  the  condens- 
ing engine.  The  final  monetary  advantage  is,  however,  dependent 
upon  the  several  values  of  prime  cost,  interest  operation  and  depre- 
ciation. 

Cleared  of  incidental  figures,  it  may  be  taken  as  being  close  to 
the  truth  that  if  a  compound  condensing  engine  of,  say,  2,000  H. 
P.,  uses  30,000  pounds  of  steam  per  hour,  then  a  non-condensing 
engine  of  equal  horse  power  would  use  36,000  pounds  of  steam  per 
hour.  At  this  stage  it  would  appear  as  if  the  advantage  were  with 
respect  to  the  condensing  engine ;  but  our  consideration  is  to  in- 
clude as  associated  a  steam  heating  installation,  and  it  is  here  that 
the  advantage  passes  from  the  condensing  to  the  non-condensing 
equipment  by  virtue  of  the  ability  to  use  exhaust  steam  in  the 
heating  system. 

To  preserve  the  simplicity  of  this  consideration  let  it  be  assumed 
that  the  steam  heating  system  requires  36,000  pounds  of  steam 
per  hour.  Now  if  the  equipment  is  to  be  that  of  the  condensing 
engine  outfit,  it  is  clear  that  the  total  amount  of  steam  required 
per  hour  will  be  30,000  pounds  for  the  electrical  work  and  36,000 
pounds  for  the  heating  work,  or  66,000  pounds  of  steam,  in  all, 
per  hour.  On  the  other  hand,  it  can  be  shown  that  exhaust  steam 
even  at  the  pressure  of  the  atmosphere  has  a  heating  value  of 
98.5  per  cent,  compared  with  steam  at  a  pressure  of  about  20 
pounds  per  square  inch,  and  even  a  value  of  97.6  per  cent  compared 
with  steam  at  a  pressure  of  about  40  pounds  per  square  inch  above 
the  atmosphere.  While  it  is  true  that  to  successfully  operate  an 
exhaust  heating  system,  especially  one  applied  over  a  large  area, 
requires  some  form  of  mechanical  means  for  inducing  the  flow  of 
steam,  and  that  such  apparatus  will  require  power  for  its  operation, 
yet  the  cost  of  such  power  is  not  at  all  prohibitive.  And  if,  as  it 
may  be,  a  steam  pump  is  used,  then  the  steam  for  its  operation 
can  in  turn  be  exhausted  into  the  heating  main,  and  thus  be  avail- 
able for  further  duty  with  the  exhaust  steam  from  the  engine  for 
heating  purposes.  Making  due  allowances  for  loss  of  heat,  opera- 
tion and  leakage,  I  would  place  the  value  of  the  exhaust  steam 
available  for  heating  at  90  per  cent  of  the  live  steam  value. 

Hence,  if  36,000  pounds  of  steam  per  hour  be  required  for  the 
heating  system,  and  there  be  available  for  heating  purposes  the 
equivalent  of  90  per  cent  of  the  36,000  pounds  of  steam  used  by 
the   engine,  then   there  would   be   required   only   10  per   cent   of 
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additional  steam  to  supply  the  full  requirements  of  36,000  pounds 
per  hour.  In  other  words,  the  steam  required  per  hour  would  be 
36,000  pounds  for  the  engine,  plus  10  per  cent,  equal  to  3,600 
pounds  per  hour  for  the  loss  referred  to  above ;  or  a  total  quantity 
of  39,600  pounds  of  steam  per  hour.  But  the  other  installation 
using  a  condensing  engine  for  power  and  live  steam  for  heating  pur- 
poses, requires  66,000  pounds  of  steam  per  hour,  or  66.66  per  cent 
more  than  is  required  in  the  installation  using  a  non-condensing 
engine  for  power  and  exhaust  steam  for  heating. 

But  while  this  is  a  direct  showing  in  favor  of  the  exhaust  steam 
heating  system,  there  is  yet  another  feature  in  this  consideration 
which  is  worthy  of  more  than  passing  attention,  namely:  that  in 
the  installation  using  exhaust  steam  and  returning  the  water  of 
condensation  to  the  boilers,  the  water  so  returned  would  have  a 
temperature  of  about  188  degrees  Fahrenheit;  whereas  in  the  case 
of  the  condensing  engine  plant  the  water  available  from  the  hot 
well  for  feeding  the  boilers  would  have  a  temperature  of  about  1 10 
degrees  Fahrenheit.  Taking  due  account  of  this  temperature 
difference  in  connection  with  the  respective  quantities  of  steam 
concerned,  would  give  a  result  showing  that  the  cost  of  fuel  in  the 
case  of  the  condensing  engine  plant  would  be  75  per  cent  greater 
than  in  the  case  of  the  non-condensing  engine  plant  using  exhaust 
steam  for  heating. 

Nor  is  this  advantage  necessarily  limited  to  the  heating  season; 
on  the  contrary  there  are  few  heating  installations  which  may  not 
be  used  with  profit  all  the  year  round.  In  this  connection  I  may 
mention  the  very  common  application  of  heating  water  for  household 
uses,  and  for  numerous  other  purposes  within  the  operating  terri- 
tory of  the  system;  and  upon  the  extent  of  the  service  rendered 
will  depend  the  final  value,  or  economical  result. 

But  quite  apart  from  this  consideration  is  the  demonstration  in 
the  domain  of  applied  science ;  and  in  this  connection  I  may  refer 
to  the  enormous  reductions  in  operative  costs  brought  about  under 
the  writer's  direction  by  the  extensive  use  of  exhaust  steam  in  the 
large  works  of  the  Pullman  Company,  at  Pullman,  111.  The  writer 
is  now  conducting  similar  economic  work  in  the  extensive  premises 
of  Parke,  Davis  &  Co.,  Detroit,  Mich.,  and  within  the  past  few 
months  has  demonstrated,  in  the  case  of  a  manufacturing  plant,  a 
reduction  in  coal  bills  from  $24,724  per  year  to  $20,895  per  year,  or 
a  saving  of  $3,839  per  year  by  the  use  of  exhaust  steam.  In  this  par- 
ticular case  it  should  be  noted  that  the  process  involved  the  change 
from  condensing  to  non-condensing ;  furthermore,  that  the  item  of 
steam  for  heating  buildings  was  by  no  means  the  largest  one  in- 
volved. The  writer  might  continue  with  references  of  this  charac- 
ter, but  only  to  show,  case  after  case,  that  where  steam  heating  is 
required  for  temperatures  below  200  degrees  Fahrenheit  there  can 
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be  no  question  regarding  the  economical  results  attending  the  use 
of  exhaust  steam,  where  available. 

Here,  also,  it  may  be  claimed  that  this  practice  is  not  typical  of 
central  station  heating  work ;  but  such  a  claim,  if  made,  could  not 
well  be  sustained ;  for  if  central  station  heating  is  to  be  held  as 
limited  to  warming  houses  and  stores  in  winter,  then  so  much 
the  worse  for  the  company.  As  a  matter  of  fact,  progressive  cen- 
tral station  heating  companies  are  reaching  out  much  in  the  lines 
herein  referred  to,  and  with  the  fixed  intent  of  operating  their  heat- 
ing mains  all  the  year  round. 

There  is  another  point  in  Mr.  Pearce's  paper  to  which  attention 
should  be  directed,  and  that  is  the  allusion  made  to  trapping  the 
water  of  condensation  to  the  sewers.  While  it  is  not  stated  that 
this  practice  is  referred  to  by  Mr.  Pearce  as  meeting  with  either 
his  approval  or  disapproval,  I  am  reasonably  sure  that  he  will  not 
wish  the  impression  to  be  gained  that  it  is  anything  but  a  wasteful 
process  and  inadmissible  under  proper  circumstances.  That  it  is 
wasteful  of  heat,  and  thus  of  coal,  is  self-evident,  seeing  that  the 
water  may  have  a  temperature  not  far  below  200  degrees  Fahren- 
heit. But  even  more  than  this  is  the  fact  of  the  water  itself  being 
wasted ;  for  it  should  be  understood  that  this  is  water  of  conden- 
sation, practically  distilled  water,  and  thus  free  from  incrustating 
and  deleterious  elements  either  in  combination  or  suspension.  It  is 
an  ideal  water  for  boilers,  and  that  it  should  be  permitted  to  go  to 
waste  is  evidence  of  a  condition  needing  economical  treatment. 

Compare  this  wasteful  practice  with  the  highly  efficient  and  thor- 
oughly economical  system  of  heating  by  exhaust  steam.  In  this 
system  in  which  the  radiators  and  coils  are  doubly  useful  in  that 
they  at  once  serve  as  heating  appliances  and  also  as  condensers 
from  which  the  condensation  water  passes — not  into  a  sewer  but 
into  a  return  main,  which  conducts  it  back  to  the  power  plant  and 
delivers  it  with  all  its  heat  and  purity  into  the  boilers.  These  once 
more  convert  it  into  steam  to  be  passed  out  to  do  useful  work  in 
some  live-steam  apparatus ;  then  again,  as  exhaust  steam,  to  go  on 
its  mission  of  heating;  the  cycle  is  repeated  indefinitely. 

CLOSURE. 

Mr.  Pearce — Replying  to  Mr.  Scott's  questions  regarding  the 
planked  form  of  casing,  illustrated  in  No.  9,  this  has  already  been 
described  as  being  lined  with  tin  and  asbestos,  machined  and  fitted 
woodwork,  felt  between  the  woodwork,  and  covered  with  asphalt 
pitch  on  the  outside.  It  is  usually  made  in  eight  foot  sections. 
Its  general  construction,  therefore,  does  not  differ  materially  from 
casing  No.  4,  excepting  that  it  has  vertical  sides;  in  this  respect  it 
is  similar  to  casings  Nos.  7  and  8,  No.  7  being  described  as  hav- 
ing vertical  sides.     This  is  to  give  support  to  the  top,  so  that  the 
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tendency  to  open  at  the  joints  would  be  counteracted,  while  in  No. 
4  (as  in  others)  the  casing  is  bound  with  wire  bands  for  the  same 
purpose.  This  tendency  to  open  at  the  joints  is  the  thing  to  be 
overcome  in  all  of  the  better  class  of  casings,  and  not  a  tendency 
to  collapse  as  intimated.  Indeed,  the  sketch  shows  for  itself,  as 
others  do,  that  it  could  not  possibly  occur  in  either  this  or  any  of 
the  better  forms  of  construction.  The  sections  have  mortise  and 
tenon  joints  at  the  end,  driven  together  with  a  maul  and  the  inter- 
stices filled  with  asphalt  pitch. 

This  particular  construction  has  recently  been  placed  upon  the 
market.  Its  years  of  service  could  not  be  a  proper  indication  of 
its  value  to  an  engineer  for  central  station  heating,  but  of  value 
rather  is  its  design  and  construction  to  overcome  the  known  diffi- 
culties to  be  met,  and  for  this  purpose  the  illustrations  are  given. 
It  is  fair  to  presume,  however,  that  when  properly  laid  with  suffi- 
cient under-drainage,  its  life  would  be  at  least  equal  to  that  of 
other  forms  of  wood  construction  installed  in  like  manner.  As  an 
instance  of  the  life  of  such  casings,  one  was  recently  taken  up  in 
Milwaukee  that  had  lain  in  the  ground  some  twenty  years  and  the 
engineer  in  charge  said  that  its  condition  was  such  that  neither 
the  pipe  nor  the  casing  could  be  distinguished  from  new  material. 
This  also  suggests  the  desirability  of  proper  ventilation,  a  thorough 
coating  of  moisture  preventative  on  the  outside,  proper  under- 
drainage,  and  the  pipe  itself  allowed  to  operate  freely  inside  with- 
out any  form  of  insulating  material  coming  in  contact  with  it,  as 
such  may  corrode  the  pipe.  The  greatest  continuous  length  of 
this  construction  I  am  unable  to  give.  It  is  fair  to  presume,  how- 
ever, that  the  older  forms  of  casings  would  make  a  much  better 
showing  in  this  respect,  owing  to  the  fact  that  the  districts  heated 
have  usually  been  added  to  from  year  to  year.  The  present  con- 
dition of  this  casing  placed  underground  for  the  purpose  of  test 
fully  meets  what  may  reasonably  be  expected  from  the  design 
shown. 

In  regard  to  joints  made  in  the  main  conduit,  the  undesirability 
of  this  form  of  construction  has  been  shown,  as  also  the  old  and 
unsuccessful  practice  of  making  connections  by  breaking  the  in- 
sulation, as  it  is  a  source  of  loss.  The  more  modern  methods 
arrange  the  connections  to  be  made,  for  any  and  all  purposes,  at 
practically  fixed  points,  and  this  is  accomplished  by  making  the 
fitting  of  such  character  as  to  serve  the  combined  purpose  of  con- 
nections, expansion  joints,  anchors,  water  separators,  etc.  You 
will  observe  in  the  tabulated  statement  of  reports  of  operations 
of  central  station  heating  plants  generally,  that  the  most  suc- 
cessful operators  state  that  their  construction  is  such  that  "they 
do  not  break  the  insulation"  in  making  the  connections  referred 
to,  and  all  connections  are  made  from  practically  fixed  points. 
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It  has  already  been  shown  that  in  proper  forms  of  construction, 
the  fittings  used  form  a  continuous  line  of  water  separators.  It  is 
also  proper  in  laying  out  mains,  to  make  such  arrangements  as  to 
equalize  the  How.  If  this  practice  is  followed  and  the  circulation 
properly  proportioned,  the  tendency  for  entrained  water  to  collect  at 
any  one  point  is  practically  obviated.  This  has  already  been  sug- 
gested in  calling  attention  to  the  results  of  waterhammer  in  pipes 
laid  underground.  Therefore,  in  the  application  of  a  meter  for  the 
purpose  of  measuring  condensation  it  would  not  suffer.  Hut  even 
should  there  be  a  tendency  in  the  direction  indicated,  you  will  notice 
that  is  adjusted  to  register  i  pound  for  each  27.6  cubic  inches,  equiv- 
alent to  I  pound  of  water  pumped  into  the  plant,  and  that  for  any 
variation  in  this,  either  in  volume  or  heat  units  that  the  condensa- 
tion may  represent,  it  may  be  easily  adjusted  to  suit  the  requirements. 

Answering  Mr.  Scott's  remarks  in  connection  with  the  use  of 
exhaust  steam,  it  should  be  borne  in  mind  that  the  paper  read  was 
intended  to  give  a  comprehensive  idea  of  central  station  heating, 
exhaust  steam  being  used  in  three  of  the  four  methods  tabulated. 
Therefore,  unless  an  unreasonable  amount  of  time  be  consumed  in 
showing  its  value  under  different  conditions,  some  general  state- 
ment should  be  made  conveying  a  general  idea  of  its  value  which 
would  apply  to  all  methods  of  heating.  The  paper  stated  that  '*  the 
value  of  exhaust  steam  from  a  lighting  plant  was  of  variable  quantity 
depending  upon  the  amount  available."  For  instance,  in  mild 
weather  with  the  heating  plant  in  operation  and  but  a  small  amount 
of  the  exhaust  steam  being  used,  its  value  to  the  heating  system 
would  not  be  90  per  cent  of  the  value  of  live  steam  to  the  heating 
plant,  as  the  greater  part  would  under  the  conditions,  be  wasted  to 
the  atmosphere.  A  curve  representing  the  variations  in  quantity 
and  time  of  delivery  of  exhaust  steam  to  a  heating  plant,  and  a 
similar  curve  representing  the  demands  of  the  heating  plant  for  the 
exhaust,  will  show  that  at  times  the  exhaust  would  be  in  excess  and 
wasted  to  the  atmosphere  and  at  other  times  it  would  not  be  suffi- 
cient. There  are  no  two  set  of  conditions  alike,  and  it  was  there- 
fore proper  for  the  writer  to  assume  a  typical  plant.  In  doing  so, 
instead  of  placing  the*  value  of  exhaust  steam  at  90  per  cent  of  the 
cost  of  live  steam,  it  is  expressed  as  approximately  50  per  cent  of 
the  heat  units  value  of  the  coal.  Hence  there  is  a  substantial  agree 
ment  as  to  the  actual  value  of  exhaust  steam  when  there  is  taken 
into  consideration,  that  an  engine  uses  but  8  per  cent  of  the  heat 
delivered  to  it.  I  do  not  suppose  that  Mr.  Scott  intends  to  express 
the  idea  that  if  an  intelligent  engineer  had  to  install  a  plant  for 
both  power  and  heating  service  that  the  proposition  would  be  con- 
sidered from  divided  standpoints,  but  on  the  contrary,  it  would 
properly  be  considered  as  a  whole.  In  which  case  the  simple  engine 
would  be  usually  selected.     Nor  do  I  presume  he  wishes  to  have  it 
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understood  that  the  actual  cost  of  producing  power  in  typical  plants 
operating  under  various  conditions  of  heating  and  power  loads  is  an 
additional  lo  per  cent  over  and  above  the  cost  of  coal  for  heating 
service  only.  If  so,  it  would  be  an  easy  matter  to  prove  the  theory 
of  those  to  whom  the  paper  refers  as  able  to  show  that  "  power  is 
a  by-product  of  a  heating  plant,"  as  it  would  only  need  the  revenue 
derived  from  the  sale  of  ashes  used  in  the  construction  of  cement 
sidewalks  to  round  out  the  assertion.  On  the  contrary,  Mr.  Scott 
gives  us  practical  examples  of  a  manufacturing  plant  in  which  he 
demonstrates  a  saving  of  $3,829  per  year  on  a  previous  coal  bill, 
for  power  only,  of  $24,724  by  the  use  of  exhaust  steam,  or,  in 
round  figures,  14  per  cent.  While  this  showing  is  not  as  good  as 
the  1 8  per  cent  stated  in  this  paper,  it  substantiates  the  illustration 
as  a  reasonable  and  fair  proposition.  It  might  be  added  however, 
that  in  view  of  many  other  uses  to  which  steam  can  be  applied  in 
a  manufacturing  plant,  this  showing  of  14  per  cent  would  usually 
be  much  higher.  In  reference  to  this  manufacturing  plant,  that  on 
the  presumption  the  changes  referred  to  might  have  cost  $20,000, 
there  would  be  an  item  of  interest  of  $1,000  which  would  further 
reduce  the  actual  saving. 

The  illustrations  of  a  return  system  of  piping  for  underground 
work,  represent  recent  designs  patented  by  me.  This  is  evidence 
of  my  confidence  in  exhaust  steam  for  heating,  but  as  already  stated 
in  my  paper  "its  application  should  be  a  judicious  one,"  and  in  view 
of  the  evidence  showing  past  methods  of  utilizing  it,  the  further 
statement  in  the  paper  still  holds  good  that  "it  is  questionable  if 
in  all  cases  there  is  resultant  economy." 

As  to  the  size  of  mains  required  for  utilizing  exhaust  steam 
that  is,  as  has  been  illustrated,  simply  a  question  of  the  heat 
transmitting  capacity  of  the  mains  used,  which  is  dependent  upon 
the  volume,  and  velocity  attained.  In  the  examples  given  these 
differences  may  be  noted,  together  with  the  statements  of  oper- 
ators using  live  steam  only  and  those  using  live  and  exhaust.  It 
will  be  found  that  the  amount  of  space  heated  in  these  two  ex- 
amples differs  very  materially,  and  it  is  also  self  evident  that,  even 
with  the  same  velocity,  the  volume  of  exhaust  being  so  nmch 
greater  than  that  of  live  steam,  in  the  instances  cited  by  the 
paper,  the  pipes  must  necessarily  be  larger  to  transmit  the  same 
heat  units. 

The  paper  was  not  intended  to  deal  with  isolated  heating  plants, 
one  of  the  reasons  given  being  that  "the  loss  from  traps  and  other 
devices  in  such  a  plant  would  not  be  a  lost  product  to  the  building 
to  be  heated."  These  losses  from  the  apparatus  itself  being  within 
the  building,  the  building  must  receive  and  be  benefited  by  the 
heat,  whether  it  comes  directly  from  the  radiator,  the  main  line 
or  the  return  line.     If  a  power  and  heating  plant  used  in  connec- 
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tion  with  a  manufacturing  institution — such,  for  instance,  as  the 
Parke- Davis  plant — be  placed  in  an  adjacent  though  separate 
building,  the  losses  in  transmission  from  the  underground  mains 
would  only  be  nominal,  as  from  the  drawings  exhibited  to  the 
writer,  these  mains  in  all,  are  but  a  few  hundred  feet  in  length. 
Such  a  plant  Mr.  Scott  must  have  had  in  mind,  when  the  allow- 
ance he  makes  for  loss  of  heat,  operation  of  engine  and  leakage 
is  placed  at  lo  per  cent.  This  class  of  plant  rightly  belong  to 
that  class  that  has  been  designated  as  generating  the  heat  within 
the  building  and  is  not  referred  to  in  the  paper  under  discussion. 
If  Mr.  Scott  will  take  into  consideration  the  losses  in  transmission 
as  set  forth,  then  the  actual  value  of  either  live  or  exhaust  steam 
delivered  at  the  building  to  be  heated  wiJl  be  found  to  be  entirely 
different  from  that  mentioned. 

Mr.  Scott  speaks  of  the  return  of  condensation,  and  seems  to 
give  the  impression  that  this  condition  is  peculiar  to  plants  using 
induced  circulation,  which  is  not  necessarily  true.  In  the  instance 
mentioned  in  the  paper  where  the  use  of  exhaust  steam  had  netted 
the  owner  of  the  plant  some  $18,000  last  year,  the  condensation 
was  returned  to  the  boilers  without  the  use  of  a  pump.  The  terri- 
tory heated  was  over  a  large  area,  and  otherwise  fulfilled  the  re- 
quirements as  outlined.  I  doubt  very  much  if  any  further  eco- 
nomical results  could  be  obtained,  owing  to  the  peculiar  conditions 
attending  its  operation.  Instances  of  this  character  are  numerous. 
The  Rookery  Building,  Chicago,  is  now  operated  practically  with- 
out back  pressure,  furnishing  both  light  and  heat,  the  pipes  being 
of  sufficient  size  to  give  free  opportunity  to  the  flow  of  steam. 
The  engineer  in  charge  states  they  have  received  many  overtures 
from  those  installing  pumps  and  other  devices,  but  have  failed  so 
far  in  getting  any  guarantee  of  better  results  than  they  are  now 
obtaining.  This  building  probably  gets  much  better  results  from 
the  use  of  exhaust  steam  than  either  the  typical  plant  illustrated 
in  the  paper  or  the  maufacturing  plant  described  by  Mr.  Scott, 
for  during  the  heating  season  they  utilize  at  all  times  all  that  the 
engines  will  furnish,  and  in  addition  are  obliged  to  use  a  quantity 
of  live  steam.  Condensation  is  returned  to  the  boilers,  and  in  fact 
everything  accomplished  that  could  be  attained  with  a  pump,  ex- 
cept decreasing  the  size  of  their  pipes. 

I  do  not  understand  that  any  good  engineer  doubts  the  benefits 
to  be  derived  from  the  use  of  exhaust  steam  in  manufacturing 
plants.  The  real  objection  to  its  use  is  the  fact  that  from  con- 
tinual growth  and  the  addition  of  new  buildings  the  demand  on  the 
main  supply  pipes  for  additional  service  has  many  times  brought 
about  a  back  pressure  on  the  engine,  necessitating  the  use  of  live 
steam  instead  of  exhaust  and  eventually  the  reorganization  of  the 
heating  system.     In  order  that  the  exhaust  may  be  used  without 
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back  pressure,  the  proper  application  of  a  pump,  such  as  has  been 
done  at  PuUman,  would  no  doubt  show  a  decided  advantage,  as 
compared  with  the  plan  using  back  pressure,  as  the  back  pressure 
on  the  engine  would  be  changed  to  effective  work  in  the  heating 
mains.  That  the  same  results  might  in  some  cases  also  be  accom- 
plished without  the  pump  is  already  shown.  The  reduced  cost 
for  mains  would  be  another  consideration  for  putting  in  the  pump. 

Mr.  Scott  speaks  of  the  use  of  steam  for  household  purposes  in 
addition  to  that  of  heating  the  buildings,  and  states  that  there  are 
very  few  plants  in  which  it  may  not  be  used  with  profit  the  year 
around.  This  class  of  work  is  already  being  done  in  the  heating 
season,  and  assume  that  it  represents  5  per  cent  of  the  total  work 
done,  then  considering  the  transmission  losses,  which  are  practically 
constant,  it  will  be  seen  that  unless  exhaust  steam  is  available  in 
cjuantity  and  at  all  times,  the  losses  would  be  much  greater  than 
the  revenue  derived  in  the  summer  time.  Those  who  have  tried 
this  sort  of  thing  have  come  to  the  conclusion  that  the  charge  for 
such  service  must  be  at  least  $2.00  per  thousand  pounds  of  con- 
densation in  order  to  make  it  pay.  The  result  of  experience  shows 
that,  generally  speaking,  the  heating  of  water  for  household  pur- 
poses is  not  a  financial  success. 

In  reference  to  the  trapping  of  water  of  condensation  to  sewers, 
this  is  peculiar  to  a  live-steam  heating  plant,  but  that  it  is  a  waste- 
ful process  no  one  doubts.  It  is  also  true  that  the  generation  of 
power  from  coal  is  a  decidedly  more  wasteful  process.  There  are 
losses  in  all  methods  of  heating;  the  question  is:  Which  shows 
the  least  1  I  do  not  think  that  this  waste  is  inadmissible  under 
proper  circumstances.  In  the  illustration  given,  full  credit  for  the 
return  of  condensation  or  charge  for  the  waste  of  water  to  the 
sewer  has  been  made.  The  question  of  final  results  is  what  de- 
cides the  issue. 

Another  object  of  the  paper  under  discussion  was  for  the  pur- 
pose of  pointing  out  the  cause  of  loss  in  the  various  methods,  with- 
out special  reference  to  any  one.  The  statement  was  made  how- 
ever, that  the  writer  believed  that  notwithstanding  the  loss  or  gain 
that  might  be  peculiar  to  any  one  (and  in  fact  the  very  poor  show- 
ing made  by  some)  each  method  has  its  proper  place  and  I  would 
also  add  that  in  central  station  heating  the  question  of  the  present 
time  is  not  entirely  one  of  method,  but  also  one  of  man  and  devices. 
It  remains  for  the  intelligent  engineer,  who  is  not  confined  to  one 
idea,  to  make  such  application  of  any  method  as  the  circumstances 
and  conditions  in  each  case  may  demand.  Success  in  future  cen- 
tral station  work  will  be  attained  by  those  who,  acknowledging  past 
failures  are  equipped  not  only  with  experience,  but  also  with  appara- 
tus designed  to  minimize  the  losses  shown  to  exist  in  any  method. 


THE  GRAPHICAL  CALCULATION  OF  FLANGE  STRESSES  IN  GIRDERS  AND  TRUSSES 

Hv  Oscar  Sanne.  M.  W.  S.  K. 
Read  January  20,   1904. 

In  prcsciitin;;  to  the  Society  this  Httle  paper  on  "The  Graphical 
Calcination  of  Flan^^e  Stresses  in  (iirders  and  Trusses,"  I  was  led 
by  the  desire  to  bring  some  methods  to  your  knowledge,  which,  as 
far  as  I  know,  have  never  been  published  anywhere. 

Having  recently  had  charge  of  the  reinforcement  of  all  the  lines 
of  the  Manhattan  Railway  Company,  of  New  York  City,  under 
the  direction  of  Mr.  (ico.  H.  Pegram,  the  chief  engineer,  I  had  to 
deal  with  such  an  enormous  amount  of  figures  for  calculating  the 
longitudinal  and  cross  girders  under  many  different  loadings,  that  I 
made  up  my  mind  to  reduce  the  tedious  manner  of  obtaining  stresses 
to  a  more  systematic  method.  Having  always  been  a  great  lover 
of  the  graphical  calculation  of  stresses,  I  started  to  work  out  a 
method  by  which  all  girders  of  different  length  and  depths,  were 
figured  with  one  diagram,  for  one  kind  of  loading.  The  result  was 
not  only  to  reduce  the  tedious  work  of  calculation,  but  to  succeed 
in  getting  records  of  all  important  calculations  by  graphics, 
which  showed  in  a  clear  manner  all  flange  and  web  stresses.  I  am 
not  in  a  position  to  show  you  the  full  extent  of  my  work,  but  from 
the  following  picture  you  may  conclude  that  the  rest  of  the  work 
was  done  just  as  systematically  as  this. 

This  diagram  shows  the  effect  of  the  longitudinal  girders  on  the 
cross  girders ;  it  is  simply  the  application  of  well  known  graphical 
principles.  This  loading,  of  course,  is  such  that  it  will  give  the 
maximum  reaction  when  one  of  the  heavier  wheel  loads  will  be  over 
the  floor  beam.  On  the  elevated  road  in  New  York,  where  spans 
vary  from  26  to  70  feet,  and  where,  in  many  instances,  the  adjacent 
spans  vary  also  considerably,  this  method  proved  to  be  a  very  satis- 
factory and  quick  one.  On  a  railroad  viaduct  where  the  spans,  for 
instance,  are  mostly  all  alike,  this  method  is  probably  not  of  very 
much  advantage.  But  to  show  you  the  process  of  getting  the 
flange  stresses  in  girders  and  trusses,  I  have  here  a  diagram  which 
was  made  for  two  188.5  tons  engines,  followed  by  5,000  pounds 
per  lineal  foot  of  track,  to  be  used  for  the  new  standards  of  the 
Northern  Pacific  Railway.  The  main  part  of  this  diagram  is  well 
known  to  you  all. 

This  diagram  can  be  used  with  great  accuracy  for  the  calculation 
of  spans,  varying  from  30  to  250  feet — of  course  always  assuming 
the  same  loading;  should,  however,  for  some  reason  or  another,  any 
uniform  load  precede  the  wheel  loads,  this  would  be  taken  care  of 
by  a  very  simple  construction  of  a  parabola,  using  simply  the  last 
line  of  the  equilibrium  polygon  next  to  the  load  No.  i  as  the  tangent. 
But  this  is  nothing  new;  however,  there  is  one  feature  in  this  dia 
gram  which  may  interest  you,  as  it  enables  one  to  use  the  maximum 
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moment  ordinate  directly,  to  determine  the  flange  stresses  of  any 
girder  or  truss,  and  of  any  span  or  depth. 

As  shown  in  the  diagram,  we  can  obtain  by  a  very  simple  math- 
ematical deduction  an  equation  which  gives  a  value  of  the  angle  a, 
expressed  as  a  function  of  the  depth  of  //  of  the  girder  or  truss  to  be 

calculated  and  the  pole  distance  H\  this  value  being  tangent  a  =  ^. 

the  values  of //and  //measured  in  the  scale  of  lengths.  This  equa- 
tion gives  a  straight  line,  of  which  any  ordinate  will  give  in  the 
abscissa,  the  value  of  the  flange  stresses. 

The  operation  of  thus  calculating  flange  stresses  is  as  follows  : 

I  St.  Plot  carefully  the  polygons  of  forces  and  equilibrium  to  any 
convenient  scale,  according  to  well  known  principles  of  graphic 
statics. 

2d.  Prepare  on  tracing  cloth  an  outline  diagram  of  the  girder  or 
truss  to  the  same  scale  as  that  of  the  lengths  in  the  polygon  of 
equilibrium  ;  draw  perpendicular  lines  through  sections  of  girder  or 
truss  where  it  is  desired  to  determine  the  maximum  moments. 

3d.  Find  the  position  of  wheels  which  will  give  the  maximum 
moment.     This  can  best  be  done  by  trial. 

4th.  Where  vertical  lines  at  the  two  extreme  ends  of  girders  or 
trusses  intersect  the  equilibrium  polygon,  draw  through  these  points 
the  closing  line,  and  the  ordinate  under  the  section  in  question  will 
determine  the  flanjre  stress. 
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5th.  Lay  out  the  scale  used  for  the  forces,  making  it  a  diagonal 
scale  to  get  closer  results. 

6th.  Construct  the  angle  a  as  function  of  //,  the  effective  depth 
of  girder,  and  H  the  pole  distance. 

7th.  Take  the  ordinate  as  found  in  (4)  in  the  dividers ;  where 
this  vertical  distance  will  strike  the  two  sides  of  the  angle  a,  read 
off  on  the  horizontal  side  the  amount  of  flange  stress. 

I  may  add  that  by  this  method,  time  and  tedious  calculations  are 
saved.  By  a  careful  plotting  of  this  diagram  the  results  of  these 
graphical  calculations  are  correct  within  i  per  cent,  which  is,  of 
course,  sufficient  for  all  practical  purposes.  After  these  diagrams 
are  prepared,  a  man,  with  a  little  practice,  could  figure  out  about  5 
strain  sheets  a  day. 

To  illustrate  the  application  of  the  above  method  of  the  graphical 
calculation  of  maximum  flange  stresses,  below  is  shown  an  example 
for  a  50-foot  girder.  The  wheel  loads  are  so  placed  as  to  give  the 
maximum  flange  stresses.  The  whole  operation  is  shown  explicitly 
and  needs  no  further  explanation.  The  diagramatic  work  was 
checked  analytically,  and  showed  a  satisfactory  correctness  of  the 
results  by  this  graphical  method. 
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THE  PRESERVATION  OF  WOOD  FROM  FIRE  AND  DECAY. 

JiiNKl'll    I,.    l"l'.KHIiI.l.,    Ol'-   rilM.ADlil.l'llIA 

J'rtsentt'i/  JiiHuttry  jo,  /go^. 

If  wood  and  fabrics  of  all  kinds  were  by  their  original  nature  un- 
inflammable or  incombustible,  no  fire  problem  would  arise.  Elimi- 
nate from  wood  and  fabrics,  absolutely  or  relatively,  all  tendency  to 
inflame  from  fire  generated  in  other  inflammable  substances,  such 
as  paints,  varnishes,  etc.,  and  the  fiie  risks  fall  away  to  infinitesimal 
proportions.  Added  to  the  natural  combustibility  of  woods  and 
fabrics  is  the  increased  combustibility  of  those  materials  from  the 
oils  and  varnishes  employed  to  create  ornamental  effect.  If  the 
use  of  inflammable  paint,  oils  and  varnishes  can  be  curtailed  in  in- 
teriors, a  great  diminution  of  flammable  conditions  will  be  accom- 
plished. 

For  the  system  developed  by  the  writer,  the  following  practical 
results  are  claimed  : 

1st.  The  ehmination  of  the  property  of  inflammability  from 
wood  and  other  fibrous  substances,  by  impregnation  with  a  per- 
manent non-combustible  chemical. 

2d.  The  practical  plating  of  wood  surfaces  with  an  enamel,  all 
of  whose  constituents  are  absolutely  insoluble  and  infusible. 

3d.  The  permanent  protection  from  decay  of  all  wood  by  im- 
pregnation with  a  chemical  solution. 

It  is  not  intimated  that  wood  will  endure  infinitely  an  increasing- 
attack  of  flame  without  charring  or  disintegrating ;  but  it  is  asserted 
that  when  wood  which  has  been  treated  is  attacked  by  long  con- 
tinued flame,  it  will  not  receive,  or  increase,  or  transmit  flame.  In 
that  case  all  flame  existing  will  be  only  that  of  the  extraneous  sub- 
stance, and  the  attacked  wood  will  add  nothing  to  it ;  and,  more- 
over, the  wood  attacked  will  disintegrate  with  exceeding  slowness 
compared  to  what  it  would  if  untreated. 

A  test  was  made  in  the  grounds  of  the  New  York  Shipbuilding 
Company,  at  Camden,  N.  J.,  to  ascertain  the  value  of  this  treated 
wood.  Two  wooden  houses  were  built.  One  of  them  was  of  treated 
wood,  the  other  of  natural  wood.  Both  were  alike  in  every  respect. 
The  officials  of  the  company  conducted  the  test.  Under  each  house 
was  placed  a  mass  of  yellow  pine  sicks,  and  on  all  four  sides  were 
piled  several  cartloads  of  (leorgia  pine.  In  16  minutes  after  fire 
had  been  applied  the  untreated  house  was  utterly  consumed,  while 
the  treated  house  was  but  slightly  charred.  The  door  of  the  latter 
was  then  opened,  and  it  v/as  filled  5  feet  high  inside  with  shavings 
and  fat  pine  logs.  Over  all  was  distributed  10  gallons  of  coal  oil. 
The  mass  was  fired.  At  the  end  of  23  minutes  the  door  (which  was 
not  even  burned  through  its  panels)  was   opened.     And  although 
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all  the  fire  wood  was  burned  up,  not  a  particle  of  flame  adhered  to 
the  wood  of  the  building.  It  was  taken  apart  and  held  ready  to  be 
put  up  for  another  test. 

The  chemical  agent  employed  is  sulphate  of  alumina,  which 
costs  but  about  75  cents  per  100  pounds.  This  is  an  antiseptic 
and  preservative  material  which  remains  permanently  in  the  wood. 
The  strength  of  the  solution  is  about  15  degrees  Beaume.  In 
treating  ties  and  bridge  timbers,  which  are  to  be  made  proof 
against  decay  as  well  as  against  fire,  an  addition  is  made  of  some 
ferric  sulphate  to  the  alumina  solution,  this  latter  material  acting 
as  a  coagulant.  The  solution,  in  either  case,  is  applied  under  a 
pressure  of  450  to  600  pounds  per  square  inch,  the  pressure  being 
varied  according  to  the  character  of  the  wood  under  treatment. 
No  preliminary  steaming  or  vacuum  process  is  employed.  When 
flame  or  intense  heat  is  applied  to  the  treated  wood,  the  wood  will 
char  at  the  point  of  contact,  but  will  not  burst  into  flame,  and  the 
destructive  effect  of  the  heat  will  be  confined  to  the  point  of  con- 
tact with  the  flame.  When  untreated  wood  is  coated  with  a  paint 
of  which  the  sulphate  of  alumina  forms  the  basis,  the  application 
of  heat  causes  the  paint  to  form  a  rough,  hard  crust,  which  pro- 
tects the  wood  beneath. 

In  impregnating  wood  to  render  it  fireproof,  cylinders  of  mod- 
erate size  are  used,  each  holding  a  single  railway  tie,  a  timber  of 
commercial  size,  or  a  bundle  of  planks,  etc.  The  cylinders  are  of 
cast  steel,  and  tested  to  1,000  pounds  pressure.  At  each  end  is 
a  gate,  internally  sealed,  and  moved  vertically  by  hydraulic  power. 
In  I -inch  planks  the  treatment  lasts  about  half  an  hour;  larger 
sections  in  lo-foot  lengths  require  longer  time.  The  time  varies 
from  15  minutes  to  two  hours,  according  to  the  character  and  size 
of  timber,  etc. 

Wood,  textile  fabrics,  theatre  scenery,  etc.,  can  be  simply  and 
effectively  treated  so  as  to  eliminate  all  possibility  of  their  receiv- 
ing or  extending  flame.  The  fundamental  proposition  is  to  re- 
move the  possibility  of  flame,  or,  at  least,  reduce  its  volume  to  the 
minimum.  When  this  is  done,  it  is  no  longer  necessary  to  con- 
sider wood  or  textile  fabrics  as  matter  for  the  mass  of  flame 
to  be  encountered.  After  that,  the  chief  consideration  will  be  to 
cover  the  case  of  the  smaller  aggregate  of  other  things,  which  may 
produce  the  attacking  flame. 

Thus  far,  consideration  has  only  been  given  to  the  case  of  wood 
impregnated  with  sulphate  of  alumina,  which  can  only  be  effected 
in  a  proper  plant.  It  cannot  therefore  have  any  bearing  upon  the 
protection  of  existing  buildings,  except  as  providing  flooring  so 
treated  to  be  laid  down  upon  existing  old  untreated  flooring,  or,  as 
treated  trimmings  of  interiors  to  replace  old  untreated  trimmings. 
But  we  expect  to  solve  the  problem  of  interior  wood  treatment  by 
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means  of  insolulilc  and  infusible  enamel  coatings  of  any  shade  of 
color. 

A  surface  coating  on  wood  must  respond  to  many  imperative 
and  most  difficult  conditions.  No  element  of  its  volume  can  be 
either  inHammable,  volatile,  soluble,  or  fusible.  It  must  be  power- 
fully adhesive,  and  must  be  a  rapid  dryer.  It  must  have  cohesive 
properties  of  the  strongest  character.  It  must  dry  into  a  flint-like 
mass,  and  exhibit  a  smooth  surface.  It  must  be  susceptible  of 
taking  up  into  itself  all  shades  of  ornamental  color.  It  must  not, 
like  paint,  curl  up  and  scale  off  on  fire  application,  but  must  main- 
tain very  uniformly,  over  the  attacked  surface,  a  solid  body.  This 
set  of  conditions  is  very  difficult  to  meet. 

The  same  material  may  be  used  in  a  solution  to  be  applied  to 
draperies  and  scenery.  It  is  not  to  be  understood  that  this  will 
render  them  absolutely  immune  to  flame,  but  that  it  will  nullify 
the  mflammability  which  naturally  exists  in  them.  If  flame  at- 
tacks them  they  will  not  burst  into  flame,  or  extend  the  flame,  or 
even  increase  the  original  volume  of  the  attacking  flame. 

DJSCUSSION. 

Gen.  William  Sooy  SniitJi — Does  treating  the  wood  in  this  man- 
ner affect  its  strength  in  any  manner.? 

Mr.  Ferrell — Not  in  the  least. 

Gen.  Sooy  Smith — What  is  the  capacity  of  each  tie  treating 
michine  1 

Mr.  Ferrell — With  the  40  machines  we  can  treat  3,000  ties  a 
da\-,  and  we  treat  each  tie  singly. 

Gen.  Sooy  Smith — How  much  does  the  saturation  increase  the 
weight  of  the  wood .? 

Mr.  Ferrell — About  9  per  cent,  after  thorough  drying.  Of  course 
the  hard  woods  are  not  as  susceptible  to  saturation  as  the  soft 
woods,  and  do  not  receive  the  same  percentage  of  the  saturation. 
The  highest  average  of  the  normal  percentage  of  saturation  of  oak 
would  be  about  65  per  cent,  and  some  not  over  45  to  50  per  cent. 
Maple  will  take  about  95  per  cent. 

Mr.  B.  B.  Carter — How  about  the  cutting  and  sawing  of  treated 
wood  ;  does  it  work  as  well  1 

Mr.  Ferrell — Yes,  I  think  you  will  find  that  it  will  cut  about  as 
easily  as  the  untreated  wood. 

A  Member — Does  that  treated  wood  resist  the  attacks  of  white 
ants } 

Mr.  Ferrell  Ahowt  2^  years  ago  I  sent  500  feet  of  treated  wood 
to  a  captain  in  the  English  army  in  Africa,  and  also  sent  some  to 
another  English  gentleman  in  India.  They  put  the  wood  in  the  ant 
hills  themselves  and  left  them  buried  there  for  two  or  three 
months,  and  they  came  out  without  being  touched. 

A  Member — W^hat  wood  did  you  use.? 
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Mr.  Fcrrell — Yellow  pine,  white  pine,  and  I  think  there  were  a 
few  pieces  of  oak.  As  a  result  of  that,  Captain  Kenneth  Campbell 
and  Sir  Ralph  Moore,  of  the  English  government  in  India,  heard 
of  it,  and  when  they  came  home  they  got  into  communication  with 
some  gentlemen  in  London,  made  recommendations  to  the  English 
government,  and  took  up  all  my  foreign  patents. 

Mr.  Finley — We  are  a  commercial  people  and  I  would  like  to 
ask  what  this  treatment  costs.? 

Mr.  Fcrrell — The  average  cost  is  about  $9.00  per  thousand  feet. 
That  is  the  net  cost,  including  labor  and  everything  else. 

Mr.  Finley — Can  your  enamel  for  fire  resistance  be  applied  on 
any  surface,  or  must  the  surface  be  clean  and  smooth.? 

Mr.  Ferrell — It  can  be  applied  to  any  kind  of  surface,  and  can 
also  be  put  on  top  of  paint. 

Mr.  Fhiley — Have  you  any  time  records,  that  is,  can  you  give 
us  instances  of  where  this  enamel  has  been  in  use  for  some  time.? 

Mr.  Ferrell — Yes,  very  complete  records.  The  material  is  prac- 
tically as  enduring  as  glass.  There  is  no  possibility  of  its  decay. 
This  enamel,  however,  is  for  indoor  use.  There  is  another  form 
for  outdoor  use.  I  have  one  material  which,  as  a  filler,  is  of  such 
penetrating  power  that  it  will  go  through  a  5^ -inch  board,  if 
floated  and  left  over  night,  and  that  penetrating  material  is  essen- 
tially a  preservative,  and  fireproof  as  well.  Of  course  it  is  a  good 
thing  for  a  preservative,  but  you  would  not,  with  all  you  might 
apply,  get  any  more  preservative  power  on  the  body  of  the  wood 
than  you  would  from  the  paint,  but  you  would  get  quite  as  much 
as  from  any  paint. 

We  are  saturating  wood  wherever  we  can  for  new  buildings,  and 
repairing  other  buildings  with  saturated  wood ;  but  we  are  not  at- 
tempcing  to  do  the  impossible.  Where  we  are  coating  the  wood 
for  protection  against  fire  we  are  doing  the  best  we  can  to  get  the 
initial  material  in  as  far  as  it  will  go,  to  preserve  the  wood  ;  but  in 
very  few  cases  would  that  go  from  front  to  back  in  vertical  wood. 
But  indoors,  where  you  have  no  conditions  of  a  strenuous  character, 
the  decay  is  very  slow,  even  under  natural  conditions. 

Mr.  Finley — I  understand  you  are  also  preserving  railroad  ties. 
What  records  have  you  of  time,  where  ties  have  been  in  the  ground  .? 

Mr.  Fcn-ell—WlQ  have  none  whatever.  We  ought  to  have  sev- 
eral, but  we  have  practically  none.  All  things  seem  to  have  a  be- 
ginning. 

Mr.  Finley — What  can  you  say  of  it  as  a  preservative,  as  com- 
pared with  processes  now  used,  such  as  creosoting  .? 

Mr.  herrell — When  you  coagulate  the  albuminoids  you  perform 
two  functions — you  take  away  the  food  of  the  germs,  and  by  the  very 
act  of  coagulation,  the  whole  of  the  chemical  injected  is  made  very 
hard.     Take  fine  sulphate  of  alumina,  which  always  tends  to  stay 
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where  it  is  ;  it  hardens  the  material  in  ever)'  sense,  and  thus  makes 
it  absohitely  impossible  to  get  out,  and  without  any  ailditional  me- 
chanical function  you  succeed  in  keeping  the  material  more  thor- 
oughly in  than  it  otherwise  would. 

M) .  linliy  Would  that  enamel  be  a  preservative  against  fire  in 
the  wooden  smoke-jacks  used  in  railroad  round-houses  for  the  loco- 
motives ? 

Mr.  I-\rrtU  L'ndoubtedly ;  it  will  endure  the  Hame  of  a  Hunsen 
burner  for  five  or  seven  hours. 

Mr.  I'iiiley — I  think  most  of  us  are  a  little  skeptical  on  these 
matters,  until  we  have  very  thorough  proof  of  their  value.  I  have 
seen  a  great  many  experiments  on  flame-proof  paint,  which,  at  the 
time  of  the  experiments,  seemed  to  be  very  satisfactory,  but  which 
afterwards  did  not  come  up  to  the  experiments. 

Mr.  Fcrrell-  \  expect  to  encounter  that  feeling,  and  have 
already  done  so,  but  am  encountering  much  less  of  this  feeling 
lately.  I  am  very  careful  about  my  statements  about  what  can 
be  done.  I  had  an  examination  made  by  a  committee  of  the 
Franklin  Institute  running  over  a  whole  year.  The  fire  resistance 
question  was  the  principal  one  in  view  at  that  time.  That  was 
three  years  ago,  and  on  the  strength  of  what  they  found,  the 
whole  committee  of  65  (never  before  known  in  the  history  of  the 
Franklm  Institute,  I  was  informed)  awarded  me  the  Elliott- 
Cresson  gold  medal. 

Mr.  E.  N.  Layfield-  -\  would  like  to  ask  how  long  this  process 
has  been  on  the  market  as  a  commercial  factor;  the  impregnating 
process  and  also  the  enamel.' 

Mr.  Ferrcll — Our  patent  work  on  other  things  has  kept  us  back 
for  years.  I  had  to  take  out  1  5  patents  in  28  different  countries, 
and  some  were  exceedingly  slow,  and  the  patent  solicitor  forbade 
us  to  go  ahead  and  do  anything,  practically,  except  to  use  the 
machine  for  fireproofing  wood.  For  this  reason,  so  far  as  the 
fireproofing  of  the  wood  is  concerned,  we  have  only  been  able  to 
work  for  about  four  years. 

Mr.  Layfield — Has  anything  been  done  in  the  way  of  fireproof- 
ing bridge  timber.' 

Mr.  Fcrrell — The  best  way  to  find  out  is  to  treat  a  bridge  tim- 
ber and  put  it  in  place,  then  build  a  fire  under  it  and  keep  it  up 
for  ten  hours. 

Mr.  Layfield — You  spoke  about  fireproofing  theater  scenery. 
Are  we  to  understand  that  this  is  done  with  the  same  process  as  is 
used  in  impregnating  wood  .' 

Mr.  Ferrell — What  I  would  recommend  in  theaters  would  be  that 
all  the  floors  be  coated  with  a  plastic  material  which  is  absolutely 
impervious  to  fire ;  then  make  an  additional  flooring  of  not  over 
^8-inch  maple  or  oak,  which  has  previously  been  saturated  with  sul- 
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phate  of  alumina.  In  this  way  a  floor  is  simply  and  cheaply  made 
fireproof  beyond  possibility  to  burn  under  any  circumstances.  In 
regard  to  fireproofing  the  scenery — the  present  treatment  of  a  thin 
fabric  to  prepare  it  for  water  color  painting — to  make  a  size,  in 
other  words,  upon  which  to  use  color — is  done  with  a  preparation 
of  glue  and  whiting.  Now,  glue  is  exceedingly  combustible,  so  that 
it  is  necessary  to  have  some  other  substance  to  size  the  material, 
and  that  is  found  in  the  substance  I  have  shown  you  in  connection 
with  the  piece  of  canvas. 

Mi:  Layficld — Would  that  interfere  in  any  way  with  its  flexibility  .'' 

Mr.  Ferrell — I  rather  doubt  that  it  would  be  any  less  flexible 
than  with  the  material  now  used  for  sizing.  I  think  a  very  thin 
solution  is  all  that  would  be  necessary. 

Mr.  Jesse  Loive — I  would  like  to  ask  if  wood  saturated  in  this 
way  will  resist  the  attacks  of  the  teredo } 

Mr.  Ferrell — This  material,  followed  by  a  subsequent  saturation 

of  chloride  of  calcium,  forms  a  chemical  double  decomposition,  the 

resultant  principally  being  silicate  of  calcium.     This  is  infusible  and 

insoluble.     It  hardens  and  resists  water  action,  and  will  largely  resist 

any  effort  of  the  teredo  to  bore  through  the  coating  so  produced. 


SOME  PERFORMANCE  OF  BOILERS  AND  CHAIN  GRATE  STOKERS  WITH 
SUGGESTIONS  FOR  IMPROVEMENT. 

A.  Bemknt.  M.  VV.  S.  E. 
J^resented  February  ly,  11)04. 

In  this  paper  a  steam  generating  apparatus  is  recognized  as  be- 
ing composed  of  three  principal  features :  Boiler,  furnace  and  fire 
grate.  The  fact  that  some  apparatus  have  no  furnace  but  are  com- 
posed of  simply  boiler  and  grate,  is  also  recognized. 

As  the  chain  grate  stoker  is  the  only  type  of  fire  grate  to  be  dis- 
cussed, its  functions  may  be  defined  as  automatic  feeding  of  the 
coal  to  the  fire,  and  similar  discharge  of  the  ash  ;  also  supply  of  air 
for  the  combustion  process.  With  the  furnace  its  function  is  the 
correction  of  the  necessarily  imperfect  action  of  the  grate.  That 
of  the  boiler  is  the  absorption  of  the  heat  supplied  to  it. 

The  duty  of  the  combined  fire  grate  and  furnace,  or  of  the  fire 
grate  alone,  is  to  assist  in  the  production  of  heat  and  temperature, 
a  distinction  between  which  is  recognized.  The  duty  of  the  boiler 
consists  in  the  transfer  of  this  heat  from  the  gases  to  water  con- 
tained therein. 

The  automatic  feature  of  the  apparatus  to  be  discussed  is  re- 
alized in  larger  measure  than  with  any  other  type,  for  this  reason 
the  personal  equation  of  the  fireman  is  reduced  to  a  minimum,  and  it 
lies  largely  in  the  power  of  the  operating  engineer  to  secure  good 
efficiency  (provided  the  apparatus  is  of  good  character)  because  the 
manipulation  consists  very  largely  in  fixed  adjustments  of  the  auto- 
matic stoker  machine.  The  subject  of  the  boiler  will  be  taken  first. 
For  this  purpose  the  performance  of  a  Babcock  &  Wilcox,  two  Heine 
and  one  improved  Heine  boiler  is  given.  Their  general  dimensions 
are  shown  in  Table  A.  Fig.  i,  is  a  vertical  longitudinal  section 
which  serves  to  show  the  improved  boiler  as  well  as  that  of  the  Heine 
design — the  improvement  consisting  in  the  insertion  of  two  hori- 
zontal baffles,  which  cause  the  hot  gases  to  travel  the  length  of  the 
boiler  three  times  among  the  tubes  in  place  of  one  diagonal  pass  of 
the  Heine  design.  In  the  illustration  the  path  of  the  gases  is 
shown  by  dotted  arrows,  and  the  two  inserted  gas  baffles  are  indi- 
cated by  the  heavy  horizontal  dotted  lines.  The  heavy  arrow 
shows  the  travel  of  the  gases  through  the  tube  surface  of  the 
ordinary  Heine  boiler.  It  will  be  seen  that  at  the  rear  end  of  the 
lower  inserted  baffle  of  the  improved  boiler  there  is  a  considerable 
space  provided  for  exit  of  dust.  It  has  been  found  that  a  portion 
of  the  gas  takes  this  passage  and  in  so  doing  reduces  its  travel,  so 
the  full  effect  of  the  three  passes  was  not  entirely  realized.      In  the 
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application  of  this  improvement  to  these  boilers  this  opening  was 
somewhat  reduced. 


Fig.    1.      Vertical  Longitudinal    Section  of  Nos.    1  and    2    and    Improved    Heine 
Boilers  with  Tile  Roof  Furnace. 


Fig.  2  is  a  vertical  longitudinal  section  of  an  example  of  the  latest 
type  of  the  Babcock  &  Wilcox  boiler,  having  5,000  square  feet  of 
heating  surface,  with  large  superheater.  The  boiler  of  this  type  to 
be  discussed  is  a  smaller  example,  but  this  illustration  serves  to  show 
its  relative  features. 

The  expression  "boiler  efficiency"  is  used  to  designate  the  per- 
formance of  the  boiler  only,  not  that  of  the  combined  apparatus;  it 
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implies  the  measure  of  the  coohng  effect  produced  on  the  hot  gases, 
and  neglects  radiation  and  moisture  in  the  steam.     Two  sets  of  ex- 

TABLE    A  —DIMENSIONS   OF    BOILERS. 


Number  of  tubes  h.\^h 

Number  of  tubes  wide 

Length  of  tubes,  feet 

Diameter  of  tubes,  inches 

Square  feet  of  water  heating  surface    .  .  . 
Square  feet  of  steam  heating  surface  .  .  . 

Horse  power,  standard  rating      •. 

Horse  power,  makers'  rating 

Travel  of  gases  in  contact  with  tube  heat- 
ing surface,  feet  

B.  &  W.  chain  grate  stoker,  square  feet. 


TYPE   OF  BOILER 


Group 

No.  1 

Group 

No.  2 

B.  &  VV. 

Heine  No.  1 

Heine  No.  2 

Improved 
Heine 

12 

15 

17 

17 

IG 

19 

19 

19 

18 

15.8 

15.8 

15.8 

4 

3.5 

3.5 

3.5 

4000 

4340 

4800 

4800 

383 

400 

434 

480 

480 

400 

570 

(545 

(515 

21 

13 

13.3 

30 

65.5 

72.2 

72.2 

72.2 

periments  were  made;  the  object  of  the  first  was  to  determine  the 
relative  efficiency  of  Heine  boiler  No.  i,and  that  of  the  Babcock  & 
Wilcox.      It  will  be  observed  that  their  size  is  nearly  equal,  being 
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slightly  more  favorable  for  the  Heine.  The  columns  of  group  No. 
I  in  Table  A,  show  the  relations,  while  similar  columns  in  Table  B 
give  the  essential  features  of  the  relative  performance  of   each  of 
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the  groups.  With  the  boilers  of  the  second  group,  it  is  observed 
that  they  are  identical  in  size  and  design,  with  the  one  exception  of 
the  length  of  travel  of  the  gases  in  contact  with  heating  surface. 

TABLE    B.— PERFORMANCE    OF   BOILERS. 


Horse  power  developed . 

Horse  power  developed  above  standard 
rating 

Horse  power  developed  below  standard 
rating 

Horse  power  developed  below  maker's 
rating 

Temperature  of  escaping  gases,  F. degrees 

Temperature  of  escaping  gases  above  sat- 
urated steam . 

Temperature  of  escaping  gases  above  air 
supply 

Temperature  of  saturated  steam 

Temperature  of  superheated  steam 

CO. 


TYPE  OF  BOILER 


Group  No.  1 


B.  &  W. 


442.8 


480.2 

127  8 

407.9 
:{52 . 4 

4.J5.8 
9  22 


Heine  No.  1 


431.5 


32.1^ 
(5;i0.5 

273.1 

580.2 
377  4- 

7.93 


Group  No.  2 


Heine  No.  2 


564.3 

17.0^ 


14.3^ 
657 

278 

582 
379 


10.7 


Improved 
Heine 


580.4 

20.9^ 


11.2^ 
469 

92 

394 

377 
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The  object  was  in  one  case  to  compare  a  Babcock  &  Wilcox  with  a 
Heine  boiler,  and  in  the  other  to  determine  the  extent  of  the  im- 
provement made  in  the  Heine  boiler. 

The  tests  between  the  Babcock  &  Wilcox  and  Heine  No.  i  pre- 
ceded those  between  the  improved  and  unimproved  Heine  boilers, 
and  it  was  the  result  of  the  first  tests  that  led  to  the' development 
of  the  improvement,  which  was  devised  by  Mr.  W^  L.  Abbott  and 
the  author  for  the  purpose  of  increasing  the  efficiency  of  the  boilers 
of  a  plant  in  which  they  are  located,  shown  in  Fig.  15. 

The  tests  between  the  I^abcock  &  Wilcox  and  Heine  apparatus 
were  made  not  onJy  for  the  purpose  of  determining  the  boiler  effi- 
ciency, but  also  that  of  the  furnaces,  while  the  object  of  the  tests 
between  the  improved  and  Heine  No.  2  was  to  ascertain  relative 
boiler  efficiency  only.  The  results  of  the  furnace  performance  will 
follow  the  discussion  of  the  boilers. 

The  efficiency  of  a  boiler*  will  be  influenced  by  the  initial  or 
furnace  temperature,  and  by  the  capacity  at  which  it  is  worked.  So 
as  the  horse-power  increases,  the  effect  is  to  lower  the  efficiency, 
and  as  the  initial  temperature  is  lower,  so  is  the  heat  transfer.  As 
a  smaller  boiler  will  absorb  less  heat  than  a  large  one,  the  deter- 
mination of  its  efficiency,  according  to  some  standard,  becomes  a 
complicated  problem.  VVith  the  measure  of  performance  of  the  com- 
bined boiler  and  furnace  based  on  water  evaporated  from  and  at  212 
degrees,  a  factor  of  evaporation  has  been  devised  to  place  different 
conditions  on  a  common  basis  but  no  factor,  or  set  of  factors,  has  a.s 

*Journal  Western  Society  of  Engineers,  Vol.  VI,  page  231. 
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yet  been  devised  to  reduce  various  boiler  performances  to  any  stand- 
ard of  comparison.  Therefore  to  determine  the  (UlTerence  in  effi- 
ciency between  the  boilers  to  be  compared,  required  that  in  each  case 
the  amount  of  heating  surface,  initial  temperature  and  amount  of 
water  evaporated,  be  the  same.  These  requirements  being  met, 
it  then  became  possible  to  discover  the  relative  value  of  the 
cooling  effect  produced.  These  requirements  were  met  in  the 
comparative  test  between  the  Babcock  &  Wilcox  and  Heine  No.  i, 
and  also  between  the  improved  and  Heine  No.  2.  I-n  fact,  the 
performance  of  the  four  boilers  is  so  nearly  on  the  same  basis  as  to 
be  suitable  for  comparison.  The  results  of  the  comparative  trials 
are  given  in  Table  B,  where  in  place  of  the  initial  temperature,  its 
equivalent,  the  condition  of  combustion  is  used.  With  the  Babcock 
&  Wilcox  it  will  be  observed  that  the  CO^  is  somewhat  higher  than 
with  Heine  No.  i .  Owing,  however,  to  a  considerable  loss  by  escap- 
ing hydrocarbons,  this  apparent  superiority  in  furnace  action  was 
not  realized.  With  the  improved  and  Heine  No.  2,  conditions 
favored  the  latter  somewhat. 

Conditions  of  operation  being  the  same,  the  difference  of  cooling 
effect  is  shown  by  the  difference  in  final  temperature  which  in  these 
tests  was  measured  above  that  of  the  air  supply ;  the  steam  pres- 
sure maintained  in  the  plant  containing  the  Heine  boilers  is  175 
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Fig.  3.     Efficiency  Curve  of  Heine,  Nos.  1  and  2,  Improved   and   Babcuck  it  Wil- 
cox Boilers. 

pounds,  but  with  that  of  a  Babcock  &  Wilcox  a  lower  pressure  pre- 
vailed.    Therefore  in  calculating  the  curves  of  efficiency  and  fuel 
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saving  for  this  boiler,  the  temperature  of  escaping  gases  is  taken  as 
greater  by  an  amount  equal  to  the  difference  between  the  saturated 
steam  temperatures.  This  is  because  the  temperature  of  the  cool- 
ing medium  has  an  effect  on  efficiency  and  for  this  reason  the  cor- 
rection is  employed.  The  relative  efficiency  of  the  boilers  is  shown 
by  Fig.  3,  the  curves  in  which  are  calculated  for  all  possible  ranges 
of  initial  temperature,  upon  assumption  that  the  final  temperature 
remains  constant  over  the  full  range  of  the  initial.  The  respective 
final  temperatures  are  shown  in  Table  B. 

The  assumption  that  the  final  temperature  is  correct  for  any 
other  condition  except  that  of  the  tests  in  Table  B,  is  not  necessarily 
true,  and  to  illustrate  this  feature  experiments  shown  by  A  and  B  in 
Fig.  4  were  made.     Curve  A  was  produced  by  letting  the  fire  burn 
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Fig.  i.     Relation  of  Final  to  Initial  Temperature  with  Heine  Boiler. 

nearly  out  in  the  furnace  of  Heine  boiler  No.  2.  This  is  not  a 
working  condition,  but  is  one  which  necessarily  causes  not  only  a 
rapid  drop  in  the  initial  temperature  owing  to  increasing  excess  of 
air,  but  also  in  the  final  temperature  owing  to  rapid  decrease  in 
amount  of  heat  generated.  Curve  B  is  from  measurements  taken 
from  different  furnaces  in  regular  active  operation,  and  it  is  observed 
that  the  final  temperature  is  very  nearly  constant.  With  a  condi- 
tion where  the  amount  of  heat  generated  remains  constant  and  the 
initial  temperature  varies,  owing  to  varying  excess  of  air  for  example, 
the  assumed  curve  C  serves  to  illustrate  the  relation. 

The  value  of  the  relative  efficiencies  from  the  standpoint  of  fuel 
saving  is  quite  important.  It  is  shown  in  Fig.  5,  the  efficiency  of 
Heine  boilers  Nos.  i  and  2  being  taken  as  the  standard.  The  value 
of  an  efficient  boiler  when  served  by  an  inefficient  furnace,  is  forci- 
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bly  illustrated.     Tests   between   the    improved    and    Heine   boilers 
No.  2,  showed  fuel  saving  as  high  as  25  per  cent  for  the  former  over 
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Saving  made   by  Babcock  &  Wilcox  and   Improved  Boilers  over  Heine 
Nos.  1  and  2. 


the  latter,  and  served  to  prove  that  the  relative  efficiency  of  the 
various  boilers  as  given  in  Fig.  3  is  approximately  correct,  for  any 
working  condition. 


TABLE    C. 


-DROP   IN   TEMPERATURE   AND    RESULTING   WORK    IN 
DIFFERENT   PORTIONS   OF   B.  &  W.   BOILER. 


Temperature,  initial 2012"  F. 

at  end  of  first  pass 90S'''  F. 

at  top  of  second  pass ()80°  F. 

at  bottom  of  third  pass .")55*'  F. 

final 480.2"  F. 


Drop 


n  temperature  first  pass 1 107*^  F. 

drums 1  .")8^'  F. 

superheater 70°  F. 

second  pass .    125°  F. 

'  ' '  third  pass.    7.5°  F. 


72.064^ 

10.29^ 

4.59%' 

s.iGri 

4.891)^ 
100.000^ 


Total 1532^  F. 

Horse  power  developed  in  first  pass ;>21 

■  drums 44 

"  superheater 20 

"  second  pass !}5 

"   third  pass 22 

Total 442 

Inasmuch  as  there  is  a  great  difference  in  the  cooling  effect  be- 
tween the  boilers  compared,  it  will  be  interesting  to  study  the  reast)n 


Bement — Boilers  and  Chain   Grate  Stokers. 


51 


therefor,  and  also  to  examine  the  drop  in  temperature  of  the  gases 
on  the  way  through  the  heating  surface.  Regarding  this  latter 
phase  of  the  matter,  Table  C  gives  in  detail  the  performance  illus- 
trated in  Fig.  6,  which  is  a  curve  of  temperature  drop  through  the 
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Drop  in  Gas  Temperature  in  Babcock  &  ^ViIcox  Boilers  of  400  H. 


surface  of  the  Babcock  &  Wilcox  boiler  plotted  from  measurements 
taken  during  the  trial.  From  this  it  appears  that  the  same  length 
of  travel  in  the  last  pass  gave  only  6.7  per  cent  of  the  cooling  effect 
of  the  first  pass,  illustrating  the  importance  of  the  gases  being  in 
contact  with  the  heating  surface  for  as  long  a  period  as  practicable, 
if  large  cooling  effect  is  to  be  secured.  It  is  for  this  reason  that 
the  Heine  boiler  performance  differs  from  that  of  the  improved 
boiler  and  the  Babcock  &  Wilcox. 

Various  measurements  were  made  among  the  tubes  of  the  Heine 
boiler  Xo.  2,  which  of  course  refer  in  relative  measure  to  No.  i. 
These  are  shown  in  Figs.  7  to  11.  Fig.  7  is  a  sketch  of  the  tube 
surface  of  the  boiler,  with  the  tubes  cut  away;  it  serves  to  illustrate 
the  path  of  the  hot  gases,  and  to  identify  the  location  of  the  meas- 
urements which  are  given  in  Figs.  8  to  11. 
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Fig.   8   shows  the  prevailing  temperature  among  tlie  tubes  45 
inches  back  from  the  water  leg,  from  the  bottom  to  the  top  of  the 


Fi^'.  7       Diagram  showing  path  of  gases  through  tube  surface  of  Heine  Boilers. 

boiler  on  line  \'  of  Fig.  7.  The  measurement  at  the  first  or  lowest 
stay-bolt,  shows  the  effect  of  the  heat  from  the  tile  roof  immediately 
over  the  fire.  The  minimum  temperature  is  between  the  second 
and  third  stay-bolts  ;  above  this  it  rises  until  at  the  point  of  escape 
the  maximum  is  reached,  showing  that  on  the  line  of  the  measure- 
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Temperature  Measurements,  Heine  Boiler  No. 


ments  the  highest  temperature  is  at  the  point  of  exit.  The  drop  of 
the  ninth  measurement  is  owing  to  the  sudden  change  in  the  path 
of  gas  travel  over  the  end  of  the  bafTle  at  the  top  of  the  boiler, 
which  causes  the  hottest  point  to  be  carried  back  slightly  more  than 
45  inches  at  this  ninth  stay-bolt. 
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Fig.  9  is  a  curve  from  measurements  A  to  F,  taken  through  the 
ninth  or  top  stay-bolt  on  a  horizontal  line,  as  identified  in  Fig.  7  by 
corresponding  letters,  and  which  extended  across  and  beyond  the 
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Fig.  9.     Temperature  Measurements  from  Heine  Boiler  No.  2. 

path  of  the  gases  at  the  exit  from  the  tubes.  The  highest  temper- 
ature is  found  at  a  point  46.5  inches  from  the  inside  face  of  the  water 
leg.  From  this  point  in  each  direction  there  is  a  rapid  drop  as  the 
distance  increases. 

In  Fig.  10  one  of  the  curves  shows  the  percentage  of  carbon 
dioxide  in  the  gases  on  line  X,  Fig.  7,  30  inches  inside  and  parallel 
with  the  front  water  leg  of  boiler  No.  2,  and  a  corresponding  curve 
from  the  improx'ed  boiler.  It  will  be  observed  that  the  measure- 
ments in  the  lowest  part  of  the  front  of  boiler  No.  2  are  ex- 
tremely low  ;  the  first  two,  however,  show  the  effect  of  leakage 
through  the  furnace  roof.  The  contrast  between  the  boilers  in 
this  respect  is  remarkable.  As  analysis  showed  the  CO^  to  be  low 
on  account  of  the  presence  of  air,  this  air  must  have  entered  by 
leakage,  and  as  such  leakage  could  not  be  very  large  it  follows 
that  the  path  of  the  gases  does  not  extend  to  the  front  lower  cor- 
ner of  the  boiler,  or  along  close  to  the  front  water  leg.  This  may 
also  be  considered  proved  by  the  curve  of  CO.,  from  the  improved 
boiler  subject  to  the  same  leakage,  but  with  an  arrangement  of  baf- 
fles which  cause  the  flow  of  the  gases  to  be  carried  into  the  front 
lower  corner  and  nearer  to  the  front  water  leg.      It  is  further  illus- 
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tratcd  by  l''ig.  1 1,  giving  CO.,  measurements  across  the  path  of  the 
gases  at  the  exit  from  boiler  No.  2,  showing  that  the  CO^  increases 
with  the  distance  away  from  the  water  leg.  From  measurements 
made  through  the  back  water  leg,  it  was  shown  that  a  similar  con- 
dition to  that  in  the  lower  front  corner  exists  in  the  upper  back 
corner  of  the  tube  surface,  but  on  a  reduced  scale.  With  these 
boilers  the  back  upper  corner  performs  a  small  amount  of  work  and 
the  front  lower  corner  still  less ;  and  the  active  portion  of  the  heat- 
ing surface  is  on  a  diagonal  line  from  the  lower  back  to  the  front 
upper  corners.     1 6  shows  further  that  the  volume  of  the  moving  gas 
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10.     Gas  Analyses  from  Improved  and  Heine  Boiler  Xo.  2. 


body  is  of  decreasing  magnitude  as  it  proceeds,  and  that  as  its 
center  is  approached  the  temperature  is  higher,  so  it  is  probable 
that  its  center  is  moving  at  a  much  higher  velocity  than  its 
surface. 

According  to  Fig.  7,  it  would  appear  that  the  greater  portion  of 
gas  was  flowing  through  the  space  of  i  foot  at  the  front  end  of  the 
top  baffle,  and  if  an  opening  4  feet  long  from  the  furnace  at  the 
lower  back  corner  is  large  enough,  it  would  follow  that  a  space  con- 
siderably less  at  the  outlet  would  answer.  This  fact  has  been  rec- 
ognized in  the  application  of  the  improvement  to  the  Heine  boilers, 
as  in  all  except  the  first  experimental  application,  the  opening  at 
the  end  of  the  baffles  has  been  proportioned  to  the  volume  of  the 
gases.  As  the  volume  of  the  gases  decreases  rapidly  with  drop  in 
temperature,  it  it  probable  that  the  Babcock  &  Wilcox  boiler  would 
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be  improved  by  passing  them  across  it  four  times  in  passages  of 
properly  proportioned  size,  not  adding  to  the  amount  of  heating 
surface,  but  bringing  more  of  it  into  use.  This  is  because  with  this 
boiler,  as  with  the  Heine,  or  any  other  boiler,  the  tendency  is  for 
the  gases  to  flow  in  a  narrow  path  diagonally  across  the  tube  sur- 
face of  the  pass. 

It  is  apparent  that  the  greater  efficiency  of  the  Babcock  &  Wilcox 
boiler  over  the  Heine  No.  i  is  not  owing  to  difference  in  amount  of 
heating  surface,  but  to  greater  length  of  travel  of  the  gases  in  con- 
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DISTANCES  IN  INCHE5  INSIDE  THE  WATER  LEG. 
Fig.  11.     Gas  Analysis  from  Heine  Boiler  No.  2. 

tact  with  the  same  amount  of  surface ;  or,  in  other  words,  greater 
length  of  time  for  the  ^transfer  of  heat.  This  is  still  better  illus- 
trated by  the  iin proved  and  Heine  No.  2. 

The  superior  efficiency  of  the  Babcock  &  Wilcox  as  com- 
pared with  the  Heine  is  based  on  this  particular  one,  which  is  a 
high  "double-deck"  apparatus,  and  it  does  not  follow  that  a  lower 
type  would  show  such  superiority.  This  may  be  illustrated  by  as- 
suming that  each  boiler  be  reduced  one-half  in  height,  the  effect 
would  be  that  the  length  of  the  travel  of  the  gases  with  the  Bab- 
cock &  Wilcox  would  be  reduced  50  per  cent,  while  with  the  Heine 
the  reduction  would  amount  to  less  than  5  per  cent.  As  the  height 
is  less,  the  efficiency  of  the  Babcock  &  Wilcox  drops  off  very  much 
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faster,  and  while  the  j;ain  in  the  \\\g\\  over  the  low  Heine  type  is  small, 
with  the  Habcock  &  Wilcox  it  is  very  lar^e.  This  feature  of  the 
Heine  boiler  is  illustrated  by  Fig.  12,  a  rectangle  representing  the 


Fig.  12.  Diagram  showing  length  of  Gas  Travel  in  Heine  Boilers  of  different  heights. 

dimensions  of  the  tube  space  of  the  boilers.  In  the  plant  contain- 
ing the  Heine  boilers  under  discussion,  there  are  boilers  of  three 
sizes,  the  difference  consisting  in  height  only,  as  shown  by  Table 
1).     That  designated  as  No.  2  is  one  of  the  high  boilers,  and  it  was 

TABLE    D.— RELATIVE     RELATION    OF    HEINE    BOILERS. 

High  Medium  Low 

Length  of  tubes 15  ft.  8  in.  15  ft.  8  in.  15  ft   8  in. 

Number  of  tubes  high 17  15  13 

Number  of  tubes  wide 19  19  19 

Vertical  distance  from  bottom  of  lower  tube 

to  top  of  upper  tube   G.'J.O  in.  55.7  in.  49.5  in 

Length  of  travel  of  gases  in  contact  with  heat- 
ing surface,  on  straight  line 1 1  ft.  1 1  in.  11  ft.  8  in.  1 1  ft.  5  in. 

Square  feet  of  heating  surface 4800  4340  :{800 

Horse  power,  maker's  rating (545  570  500 

Horse  power,  standard  rating 480  434  380 

Actual  relative  value 1.04  1.02  1.00 

Maker's  assumed  relative  value 1.29  1.14  1.00 

Actual  horse  power  value  on  standard  basis  .  .      305.2  387.6  380 

one  of  these  that  was  improved  by  adding  the  gas  baffles.  Refer- 
ring to  Fig.  12,  the  relative  location  of  the  top  of  the  tube  surface 
of  the  low  and  medium  boilers  is  shown  by  dotted  lines,  and  the 
different  length  of  line  of  gas  travel  is  shown  from  1 1  feet  5  inches 
for  the  small,  to  i  i  feet  1 1  inches  for  the  largest  boiler.  From  this 
it  appears  that  as  far  as  capacity  and  efficiency  are  concerned,  the 
smaller  boiler  is  very  nearly  equal  to  the  larger  one.  This  fact  is 
also  proved  by  the  tests  of  Nos.  i  and  2,  as  in  the  diagram  of  effi- 
ciency, Fig  3,  these  two  boilers  are  represented  by  a  single  curv^e, 
not  differing  enough  to  allow  the  plotting  of  separate  curves. 

The  initial  temperature,  or  in  other  words,  the  condition  of  com- 
bustion, has  more  effect  on  the  efficiency  of  the  steam  generating 
apparatus  than  has  the  cooling  effect  of  the  boiler.  This  is  shown 
by  efficiency  curves  in  Fig  3,  and  if  choice  lay  between  the  two, 
that  of  high  initial  temperature  would  be  chosen.  But  high  initial 
temperature  is  dependent  not  only  on  an  efficient  furnace  and  grate, 
but  also  on   skillful  manipulation  of  the  fire,  while  superior  boiler 
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efficiency  has  a  fixed  value  not  dependent  on  the  skill  of  the  oper- 
ator, and  this  value  increases  as  the  initial  temperature  decreases. 
There  might  be  some  question  as  to  whether  the  full  value  of  a 
good  furnace  would  always  be  realized,  but  there  could  be  no  fail- 
ure to  realize  the  value  of  an  efficient  boiler. 

The  most  remarkable  feature  of  this  matter  of  boiler  efficiency 
is  that  the  simple  addition  of  inexpensive  baffles,  with  no  labor  cost 
for  operation  and  requiring  no  additional  room  in  the  plant,  gives 
results  equal  to  an  economizer  requiring  a  large  investment,  consid- 
erable expense  for  maintenance,  and  a  large  amount  of  space  for 
its  installation. 

THE  STOKER   AND  FURNACE. 

The  chain  grate  receives  its  coal  at  the  front  at  a  uniform  rate^ 
and  in  like  manner  discharges  the  ash  at  the  rear ;  in  this  respect 
it  is  an  ideal  machine.  But  the  fuel  bed  is  necessarily  of  unequal 
thickness,  and  for  this  reason,  the  distribution  of  the  air  supply 
cannot  be  in  proportion  to  the  requirements  at  all  points ;  for 
example,  the  front  end  of  the  fire  is  a  comparatively  thick  mass 
of  freshly  ignited  coal,  from  which  the  volatile  matter  is  rapidly 
being  distilled,  while  the  back  of  the  fire  is  a  thin  bed  of  coke, 
through  which  an  excessive  quantity  of  air  flows.  For  this 
reason  it  is  impossible  to  secure  a  good  condition  of  combustion 
at  the  fire,  or  in  other  words  a  desirable  mixture  of  fuel  and 
air.  The  result  is  that  unburned  gases  flow  away  from  the  front 
of  the  fire,  while  an  excessive  amount  of  air  passes  through  the  fire 
on  the  back  grate.  Fig.  2  illustrates  this  condition,  the  arrow  A 
represents  hydrocarbon  gases  flowing  away  from  the  front,  while 
B  and  C  indicate  the  path  of  the  unused  air.  It  is  observed  that 
the  combustible  gases  and  air  do  not  come  in  contact  to  sufficient 
extent  to  mix  with  each  other,  but  flow  in  unmixed  condition  among 
the  tubes  of  the  boiler,  with  the  result  that  by  the  time  the  mixture  is 
attained,  the  gases  have  passed  a  sufficient  distance  among  the 
tubes   to   cause  such  reduction  of  temperature  as   to  make  chem- 


Fig.  13.     Section  of  tiles   encircling   lower  row  of  boiler  tubes,  tile  roof  furnace. 

ical  action  impossible,  and  in  addition  to  a  low  efficiency,  smoke  re- 
sults. The  apparatus  shown  in  Fig.  2  may  be  described  as  the 
combination  of  grate  and  boiler,  lacking  the  furnace  feature. 

Reference  to  Fig.  i  will  explain  wliat  the  author  defines  as  the 
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furnace.  It  will  be  observed  that  the  bottom  row  of  tubes  of  the 
boiler  are  encased  in  fire  brick  tiles,  shown  in  V\g.  13.  The  appli- 
cation of  these  tiles  was  devised  by  Mr.  W.  L.  Abbott,  and  they  ex- 
tend beyond  the  bridge  wall  to  within  3  feet  of  the  opening  to  the 
tube  surface.  The  intermediate  space  back  of  the  encircling 
tiles  is  closed  by  the  form  shown  in  V'\g.  14,  which  are  those  reg- 
ularly supplied  by  the  maker  of  the  boiler,  and  leave  the  lower  half 
of  the  tube  exposed  to  the  passing  hot  gas,  and  are  usually  kncjwn 
as  the  T  tile.  The  distance  from  the  coal  gate  at  the  front  of  the 
furnace  to  the  end  of  this  tile  roof  is  16  feet,  a  distance  through 
which  the  gases  must  travel  before  coming  in  contact  with  the 
boiler  surface  except  in  the  lower  half  of  the  bottom  row  of  tubes. 
For  a  distance  of  about  3  feet  back  of  the  bridge-wall  these  are  ex- 
posed, there  being  a  distance  of  travel  of  1 2  feet  with  no  cooling 
effect,  except  that  of  radiation  from  the  exterior  furnace  walls  and 
through  the  tile  roof.  During  the  interval  of  time  that  the  gases 
are  moving  through  this  distance  of  16  feet  their  mixture  is  pro- 
ceeding, so  that  before  they  have  reached  a  point  among  the  tubes 


Fig.    14.     Tiles  closing  spaces  in  lower  row  of  boiler  tubes  back  of  encircling  tiles. 

where  the  temperature  has  dropped  to  a  point  below  which  union 
will  be  effected,  the  mixture  is  completed ;  or,  as  more  generally 
understood,  complete  combustion  is  effected. 

The  view.  Fig.  15,  shows  the  plant  containing  the  Heine  boilers 
above  mentioned,  and  the  tile-roof  furnaces.  The  four  tall  chim- 
neys serve  24  Heine  boilers  fitted  with  the  tile-roof  furnace;  equipped 
with  Babcock  &  Wilcox  chain-grate  stokers  of  a  total  grate  area  of 
1,732  square  feet,  and  having  a  total  of  104,980  square  feet  of 
boiler-heating  surface.  The  draught  over  the  fire  ranges  from  0.15 
to  0.45  inches  of  water.  The  shorter  chimney  on  the  right  serves 
four  Babcock  &  Wilcox  boilers  with  a  total  heating  surface  of  20,- 
000  square  feet,  equipped  with  chain-grate  stokers  having  a  total 
grate  area  of  306  square  feet ;  the  draught  over  the  fire  ranges 
from  0.20  to  0.25  inches  of  water.  The  character  of  the  coal  being 
burned  at  the  time  the  photograph  was  taken  is  given  in  Table  E, 
which  is  an  average  from  laboratory  records,  and  like  all  Illinois  coal, 
it  will  make  much  smoke  when  conditions  are  favorable.  The  ap- 
pearance of  the  four  chimneys  which  serve  the  tile-roof  furnaces, 
proves  that  their  capacity  to  produce  an  effective  mixture  is  ideal 
when  uniformly  supplied  with  fuel,  which  the  chain-grate  effectually 
does.  It  should  be  said  that  this  photograph  was  taken  when  all 
the  furnaces  which  discharge  into  these  four  chimneys  were  in 
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service  and  working  at  maximum  capacity,  burning  about  40  tons 
of  coal  per  hour,  and  the  chimneys  discharging  more  than  1,000 
tons  of  gases  in  a  like  period.     The  grates  under  the  Babcock  & 


Fig.  !.■).     Harrison  Street  Station     Chicago  Edison  Company. 

Wilcox  boilers  were  working  at  a  corresponding  rate,  and  the  smoke 
from  this  chimney  was  not  due  to  lower  draft,  because  the  strength 

TABLE    E.— CHARACTER    OF    COAL. 

Ash 15  per  cent 

Moisture 13 . 5  per  cent 

Heating  Power 9652  B.  T.  U.  per  pound 

A\erage  Size. 

Through  screen  of  0 .  25  inches 33 . 0  per  cent 

■■   0.50      "      21.0  "  " 

"   0.75      "      15.5  "  • 

"    1.00      "      15.0  "  " 

1.25      "      11.5  ■•  •■ 

"  1.50      "      2.5  ■•  " 

"       "  1.50      "      1.5  "  '• 


Over 


of  draught  measured  over  the  fires  shows  that  a  portion  of  the  tile- 
roof  furnaces  have  less  than  the  l^abcock  &  Wilcox  boiler  grates. 
There  is  of  course  a  stronger  draught  in  a  tall  chimney  than  in  a 
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short  one,  but  this  docs  not  necessarily  mean  that  draught  at  the 
fire  is  in  proportion,  because  of  different  resistance  of  connecting 
Hues.  With  each  of  these  two  kinds  of  apparatus  the  conditions  of 
fuel,  fire  and  air  supply  are  the  same ;  the  only  difference  is  that 
one  is  equipped  with  an  effective  furnace  and  the  other  is  lacking 
in  the  furnace  feature.  In  this  connection  *  it  is  useful  to  present 
another  case  showing  the  effect  of  stokers  discharging  gases  directly 
among  the  tubes  of  Habcock  &  Wilcox  or  similar  boilers.     Fig.  i6 


Fig.  IG.      Results  from  Hand  and  Stoker  Fires  under  Babcock  &  Wilcox  boilers. 

shows  two  chimneys  on  the  left,  each  serving  3,500  horse-power  of 
these  boilers  which  are  equipped  with  plain  grates  fired  by  hand. 
The  other  smoking  chimney  serves  a  similar  group  of  stoker-fired 
boilers. 

The  theory  of  the  action  of  the  tile-roof  furnace  may  be  given  as 
follows :  The  coal  entering  at  the  front  of  the  furnace  has  its  vol- 
atile matter  rapidly  distilled  in  the  form  of  a  hydrocarbon  gas,  and 
flowing  back  meets  a  larger  air  supply  from  the  back  of  the  fire,- 
where  the  fuel  bed  is  thinner,  and  being  thoroughly  mixed  in  the 
chamber  below  the  tile-roof  it  becomes,  strictly  speaking,  a  finished 
product  of  combustion  which  carries  its  heat  from  the  furnace  to 
the  boiler.  Assuming  that  the  action  of  this  furnace  is  as  described, 
it  would  appear  possible  to  obtain  complete  combustion  with  no  air 
in  excess.  With  one  of  these  furnaces  carefully  worked  and  the  air 
supply  proportioned  to  the  amount  of  coal  being  burned,  by  proper 
adjustment  of  the  draught,  it  was  possible  to  maintain  an  average 
of  1 7  per  cent  CO.^,  and  for  a  few  short  intervals  as  high  as  19.3  per 

*Transactions  of  the  American  Society  of  Mechanical  Engineers,  Vol.  XXIV, 
page  315. 
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<:ent.  Under  such  conditions,  increase  in  the  feed  of  coal  would 
result  in  the  apparent  attainment  of  the  theoretical  maximum  CO.^, 
after  which  any  further  increase  in  coal  feed  resulted  in  drop  in 
CO.,,  because  coal  being  in  excess,  air  was  deficient,  and  some  car- 
bon oxidized  to  CO  only.  But  no  carbon  was  set  free,  therefore 
no  smoke  was  produced. 

Thus  far,  two  of  the  features  of  the  steam  generating  apparatus 
have  been  considered  and  a  remarkably  efficient  example  of  each 
described,  the  tile-roof  furnace  appearing  as  an  ideal  device,  and 
the  improved  Heine  boiler  as  a  remarkable  example  of  an  efficient 
apparatus.  It  is  probable  that  this  is  the  most  efficient  boiler  of 
which  there  is  any  record.  About  the  highest  efficiency  previously 
reported  is  that  of  a  Thornycroft  boiler,  by  Professor  Kennedy, 
showing  86.8  per  cent  of  the  heat  absorbed  when  evaporating  1.24 
pounds  of  water  per  square  foot  of  heating  surface  per  hour,  with 
a  condition  of  combustion  about  the  same  as  that  with  the  improved 
Heine.  Under  these  conditions  the  gases  left  at  41  degrees  Fah- 
renheit above  steam  temperature.  With,  however,  an  evaporation  of 
3.2  pounds  of  water  per  square  foot  of  heating  surface  and  some- 
what better  combustion,  the  gases  left  at  165  degrees  above  steam 
temperature.  In  the  case  of  the  improved  boiler  the  gases  left  at 
92  degrees  above  steam  temperature,  when  evaporating  4.  i  7  pounds 
of  water  per  square  foot  of  heating  surface  per  hour. 

It  is  now  in  order  to  examine  the  chain-grate  stoker,  and  discuss 
its  characteristics  from  the  standpoint  of  relative  fuel  and  air  supply. 
In  this  respect  it  is  decidedly  at  fault,  because  the  relative  propor- 
tions of  the  machine  are  such  that  the  air  supply  is  greatly  in  ex- 
cess of  requirements,  especially  when  such  stokers  are  in  combination 
with  a  furnace.  This  matter  of  air  in  excess  is  one  that  appears 
difficult  for  many  to  realize;  the  effect  is  to  increase  the  amount  of 
gas  to  be  heated,  but  takes  no  part  in  heat  production.  The  re- 
sult is  that  the  heat  is  expended  in  raising  the  temperature  of  a 
correspondingly  larger  amount  of  gas.  For  this  reason  its  elevation 
of  temperature  is  less  because  the  fixed  amount  of  heat  must  be 
distributed  to  a  large  amount  of  gas,  and  necessarily  will  not  raise 
its  temperature  as  high  as  when  added  to  a  smaller  amount  of  gas. 
This  is  forcibly  illustrated  by  observing  the  fact,  that  a  certain 
quantity  of  heat  may  be  present  in  a  small  amount  of  gas,  at  a  tem- 
perature that  will  melt  iron  ;  or  a  like  quantity  of  heat  be  present 
in  a  large  amount  of  gas  at  a  temperature  that  will  freeze  water,  the 
heat  being  the  same  in  each  case,  but  the  containing  mass  greatly 
different,  which  results  in  a  corresponding  difference  in  tempera- 
ture. Thus  is  the  distinction  between  heat  and  temperature  illus- 
trated. Heat  only  flows  from  a  region  of  higher  to  one  of  lower 
temperature,  and  as  the  difference  of  temperature  is  greater,  so  is 
the  rapidity  or  thoroughness  of  its  transfer.     This  fact  is  of  great 
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importance  with  a  boiler,  because  of  the  brief  interval  during  which 
gases  are  in  contact  with  it. 

With  a  chain-grate  stoker  lacking  the  furnace  feature,  excessive 
air  supply  is  effective  in  reducing  incomplete  combustion,  but  this 
phase  of  the  matter  has  no  application  to  the  tile-roof  furnace,  and 
so  will  be  tliscussed  later. 

The  magnitude  of  the  heat  loss  owing  to  excess  of  air,  or  in 
other  words  low  initial  temperature,  is  shown  in  Fig.  19,  but  an  illus- 
tration pfesented  directly  in  money  loss  may  be  useful.  With  coal 
of  10,000  B.  T.  U.  per  pound;  at  $1.50  per  ton;  final  temperature 
of  670  degrees  F.  and  air  present  equal  to  three  times  that  actually 
required.  The  loss  owing  to  this  excess  will  cost  $0.45  per  ton  of 
coal  actually  burned.  A  smokeless  chimney  is  evidence  of  complete 
combustion  but  not  necessarily  of  economical  condition  ;  and  the 
cause  of  low  efficiency  is  often  ascribed  to  such  minor  losses  as 
blowing  of  safety  valves,  coal  used  to  bank  fires,  and  fuel  lost  in  the 
ash  pit,  ignoring  the  important  loss  due  to  air,  as  well  as  that  of  in- 
complete combustion. 

The  air  leakage  with  chain-grate  stokers  is  from  three  sources : 
First,  at  the  back  between  the  grate  and  bridge-wall ;  second, 
through  the  coal  in  the  hopper  and  under  the  coal  gate ;  third, 
through  the  fuel  bed. 

The  remedy  for  the  first  consists  in  closing  the  openings  at  the 
sides  of  the  stoker  frames,  between  the  bottom  chain  and  the  floor 
under  the  stoker,  and  between  the  upper  and  lower  chains.  This 
latter  requires  not  only  a  damper  extending  from  each  chain,  b'ut 
that  it  have  horizontal  extensions  sufficient  to  extend  across,  and 
make  a  close  contact  with  two  joints  of  the  chain,  because  with  a 
simple  vertical  damper  air  can  pass  its  edge  by  way  of  the  space 
between  the  thin  portion  of  the  chain  links.  In  addition  to  this,  a 
tight  ash-pit  is  required.  This  method  consists  in  preventing  air 
reaching  the  opening  at  the  back  of  the  grate  instead  of  closing 
the  opening  at  this  point.  Various  schemes  have  been  employed 
to  prevent  leakage  at  the  end  of  the  grate,  by  building  the  bridge- 
wall  extension  so  that  it  is  close  to  the  grate,  and  by  using  a  water 
cooled  metal  box  or  pipe  similarly  located.  These  methods,  how- 
ever, are  less  effective  than  that  first  mentioned,  and  have  some  ob- 
jectionable features. 

The  remedy  for  the  second  source  of  leakage  consists  in  a  greater 
depth  of  coal  in  the  hopper.  Arrow  D,  in  Fig.  2,  shows  how  such 
leakage  occurs. 

The  third  class  of  leakage,  that  through  the  fire  can  be  corrected 
by  maintaining  a  thicker  fuel  bed. 

The  lowest  obtainable  air  supply  in  the  tile-roof  furnaces  at  full 
draft,  with  the  chain  grates  as  installed  by  the  maker,  ranged  from 
475  to  315  per  cent,  which  was   reduced   by  closing   the  air   leaks 
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about  the  chain,  and  by  maintaining  a  greater  depth  of  fuel  in  the 
hopper,  to  250  to  200  per  cent  under  best  conditions.  Such  per- 
formance was  obtained  with  coal  shown  in  Table  E,  which  may  be 
considered  as  cheap  fuel,  which  the  stoker  is  intended  to  use. 

Fig.  17  shows  the  tile-roof  furnaces  with  the  stoker  machine  as 
originally  installed,  but  the  coal  hoppers  have  been  made  deeper, 
and  the  coal  feed  spouts  shortened.  As  will  be  observed,  the  fire 
on  the  grate  and  coal  in  the  hopper  are  shown  at  maximum  thick- 
ness, which  thickness  is  not  sufificient  to  utilize  the  full  air  supply ; 
for  this  reason  it  is  proposed  to  raise  the  igniting  arch,  and  to  pro- 
portion the  coal  gate  and  hopper  so  that  a  condition  as  indicated  in 
Fig.  18  may  be  realized.  Here  the  coal  hopper  is  so  deep  as  to  re- 
quire an  extension  handle  by  which  the  spout  may  be  moved,  and 
as  the  temperature  at  the  front  of  the  furnace  will  be  high,  on  ac- 


No.  17.     Furnace  and  Stoker  with  thin  fire. 

count  of  the  reduced  air  leakage  through  the  coal  in  the  hopper, 
provision  must  be  made  to  prevent  the  coal  catching  fire  before  it 
reaches  the  bottom  of  the  gate.  To  accomplish  this,  a  closed  air 
space  on  the  front  side  of  the  gate  is  shown. 

With  chain-grates  as  at  present  proportioned,  the  available  thick- 
ness of  fire  is  such  that  highest  efficiencies  are  had  with  lowest 
draught,  especially  when  it  is  induced  by  a  chimney  or  fan.  In- 
creasing strength  of  draught  is  accompanied  by  drop  in  efficiency 
owing  to  increasing  air  supply,  but  capacity  rises  to  a  certain  maxi- 
mum, after  which  it  begins  to  fall,  owing  to  the  rapidly  diminishing 
initial  temperature  overcoming  the  advantage  of  increasing  quantity 
of  heat  generated.  If  intensity  of  draught  be  carried  far  enough, 
capacity  and  efficiency  will  fall  to  zero,  because  the  initial  tempera- 
ture owing  to  increased  excess  of  air  will  become  too  low  to  ignite 
the  coal.  In  other  words,  the  fire  will  go  out.  This  is  proved  by 
the  fact  that  in  ordinary  every  day  experience  with  strong  draught, 
when  the  coal  is  comparatively  large  in  size  it  fails  to  ignite,  and 
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the  operator  learns  by  experience  that  the  remedy  Ues  in  partially 
closing  the  damper. 

One  of  the  apparent  faults  of  the  chain-grate,  is  that  it  discharges 
a  quantity  of  unburnod  coal  with  the  ashes;  the  remedy  for  this  is 
extremely  simple,  and  consists  in  operating  the  stoker  so  that  the 
fire  is  burned  out  before  it  reaches  the  end  of  the  grate.  But  it  is 
found  with  stokers  as  at  present  proportioned,  that  this  results  in 
such  increase  of  excess  of  air  as  to  offset  the  gain.  Therefore,  the 
thick  fire  is  offered  as  a  remedy  for  loss  of  cOke  in  the  refuse. 
Why  this  result  may  be  expected  is  explained  as  follows  :  Let  it  be 
assumed  for  example  that  a  fire  1 7  inches  thick  at  the  front,  and  in 
the  tile-roof  furnace,  with  its  end  at  the  end  of  the  grate,  results  in 
the  fuel  being  in  excess,  or  in  other  words  air  deficient.  Such  con- 
dition may  be  remedied  by  reducing  the  speed  of  the  grate,  so  that 
the  fire  burns  out  before  it  reaches  the  end,  the  result  is  that  more 
air  flows  in  at  the  back  which  satisfies  the  combustible  gas  from 
the  front  of  the  fire,  by  mixing  with  it  in  the  chamber  of  the  fur- 
nace, resulting  not  only  in  full  heat  development,  but  attainment  of 
maximum  temperature. 

According  to  the  above,  the  usual  form  of  overhanging  bridge- 
wall  would  have  no  office  to  perform.     This  in  fact  is  true.     As 


Furnace  and  Stoker  with  thick  lire. 


however,  there  is  danger  that  careless  stoker  operators  will,  owing 
to  inattention,  allow  fire  to  go  over  the  end  of  the  grate,  some  form 
of  bridge-wall  could  (if  necessary)  be  employed.  The  best  and 
least  expensive  scheme  of  this  character  is  shown  in  Fig,  18,  con- 
sisting of  two  metal  pipes  joined  at  the  inner  end  by  a  return  bend, 
water  flowing  in  to  one  pipe  and  out  of  the  other,  above  which  the 
brick  wall  is  built.  Such  a  feature,  however,  should  be  unnecessary, 
because  it  is  an  expensive  and  inconvenient  form  of  insurance 
against  carelessness. 

Such  coal  as  described  in  Table  E,  owing  to  the  large  percentage 
of  small  size,  does  not  make  a  very  good  fuel  bed,  because  it  cakes 
together  more  or  less,  forming  compact  masses  of  coke  which  are 
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more  or  less  separated,  allowing  air  to  enter  between.  But  such 
coalcontains  the  greatest  quantity  of  heat  to  be  had  for  the  money 
in  this  market ;  therefore  it  is  the  most  desirable  fuel  for  steam 
making,  provided  it  can  be  used  to  advantage. 

If  this  scheme  of  thick  fire  on  a  chain-grate  in  such  furnace  as 
the  tile-roof,  is  studied,  it  appears  as  a  means  of  equalizing  the  effect 
of  all  of  the  irregularities  of  the  fire.  As  shown  by  the  arrows  in 
Fig.  1 8,  the  gas  from  the  back  (containing  unused  air)  meets  with 
the  gases  from  the  front  (containing  unused  volatile  combustible) 
and  they  join  as  an  ideal  finished  product,  provided  the  ingredients 
are  supplied  to  the  grate  in  the  proper  relative  quantities. 

The  grates  and  furnaces  served  by  the  four  large  chimneys  shown 
in  Fig.  15  are  the  only  examples  of  "smoke  proof"  apparatus  with 
which  the  author  is  familiar. 

The  foregoing  has  dealt  principally  with  the  chain-grate  located 
in  a  furnace,  and  it  is  now  in  order  to  examine  the  performance  of 
the  grate  without  a  furnace.  Such  apparatus  is  shown  in  Fig.  2. 
As  illustrated,  a  portion  of  the  volatile  combustible  matter  flows 
from  the  front  of  the  grate  and  escapes,  without  mixing  with  the 
large  excess  of  air  from  the  back.  What  this  loss  may  be  is  indi- 
cated in  the  test  between  the  Babcock  &  Wilcox  and  Heine  boiler 
No.  I,  the  essential  features  of  which  are  as  follows: 

Babcock  &  Heine 

Wilcox..  No.  1. 

1.  Efficiency  of  combined  boiler  and  furnace 57.83  59.12 

2.  Efficiency  of  boiler..              77.69  70.12 

3.  Superior  efficiency  of  boiler 7 .  57  

4.  Superior  efficiency  of  furnace 8.86 

Item  I  includes  all  losses  except  that  of  combustible  in  the  ref- 
use, all  other  losses  except  hot  gases  and  combustion  being  the 
same  for  each  apparatus. 

Item  2  is  the  measure  of  the  cooling  effect  produced  by  each 
boiler. 

Item  3  is  the  difference  in  cooling  effect  produced  by  the  two 
boilers.  The  superiority  of  the  tile-roof  furnace  under  the  Heine 
boiler  is  due  to  complete  combustion,  the  loss  by  escaping  volatile 
combustible  with  the  Babcock. &  Wilcox  being  8.86  per  cent. 
Larger  air  supply  is  effective  in  reducing  this  loss,  but  the  magni- 
tude of  the  loss  from  the  resulting  greater  quantity  of  unused  air, 
overbalances  the  combustion  gain.  This  is  illustrated  by  Fig.  19. 
The  formation  of  the  curve  is  based  on  the  results  of  the  test  with 
the  Babcock  &  Wilcox  boiler  and  furnace,  as  shown  by  the  point 
of  8.86  per  cent ;  the  other  point  is  based  on  the  assumption  that 
with  air  in  excess  to  the  extent  of  870  per  cent  this  loss  would  be 
zero.  Therefore  if  it  is  assumed  that  air  in  excess  could  be  re- 
duced to  zero,  it  would  result  in  about  one  half  of  the  volatile  mat- 
ter of  ordinary  coal  being  lost. 
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From  the  curve  of  loss  owing  to  unused  air,  it  appears  that  the 
percentage  of  excess  may  be  reduced  to  below  80  to  advantage, 
from  which  it  appears  to  be  an  economical  measure  to  produce  in- 
complete combustion  for  the  sake  of  reducing  excess  of  air.  This 
is  true ;  in  fact,  with  a  chain-grate  under  such  type  of  boiler,  it  is 
impossible  to  reduce  the  excess  much  below  80  per  cent  under 
most  favorable  conditions.  As  escaping  volatile  combustible  re- 
sults in  smoke  with  such  type  of  apparatus,  smoke  production  and 
highest  attainable  heat  efficiency  go  together,  and  one  may  judge 
of  efficiency  by  the  appearance  of  the  chimney.  The  character  of 
the  coal  has  a  most  important  influence  on  the  amount  of  escaping 
volatile  combustible.  Vox  example,  ordinary  screenings  form  a 
more  or  less  compact  mass,  preventing  to  a  large  extent  entrance 
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Fig.  19.     Diagram  Illustrating  Combustion  Losses  from  Chain  Grate  Stoker. 

of  air  to  all  portions  of  the  fuel  bed ;  for  this  reason  there  is  but 
poor  mixture  between  fuel  and  air  at  the  grate.  With  washed  coal 
of  a  uniform  and  desirable  size,  results  are  very  much  better ;  in 
fact,  even  unwashed  coal  of  corresponding  size  produces  an  im- 
provement. The  reason  is  that  the  openings  between  the  pieces 
of  fuel  are  sufficient  to  allow  air  to  penetrate  largely  to  all  portions 
of  the  bed,  thus  assuring  a  better  condition,  because  less  volatile 
combustible  escapes.  And  because  of  more  thorough  contact  be- 
tween air  and  fuel,  a  larger  amount  of  coal  is  burned  ;  for  this  reason 
air  leakage  from  various  sources  is  proportionately  less.  Therefore, 
the  use  of  washed,  or  properly  sized  coal,  will  result  in  greatly  re- 
duced volume  of  smoke,  over  ordinary  screenings.      But  with  each 
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kind  of  fuel,  the  maximum  amount  of  smoke  indicates  maximum  heat 
efficiency.  This  type  of  apparatus  is  considered  as  being  suitable 
for  the  use  of  "cheap  fuel,"  an  example  of  which  is  given  in  Table 
E.  It  is  made  for  that  purpose ;  specified  by  engineers,  and  pur- 
chased with  the  understanding  that  it  will  insure  a  realization  of  such 
hopes,  and  the  result  is  that  disappointment  is  often  experienced. 

It  is  sometimes  believed  that  a  thin  fire  is  of  economical  advan- 
tage, and  an  effort  to  improve  conditions  by  such  means  is  adopted, 
with  disastrous  results  as  far  as  economy  is  concerned. 

The  improved  boiler,  and  suggested  chain-grate,  together  with 
the  tile-roof  furnace,  afford  means  of  obtaining  an  ideal  efficiency. 
But  the  present  demand  is  largely  for  an  apparatus  that  will  produce 
superheated  steam,  and  with  the  Heine  boiler  there  is  no  adequate 
location  for  a  superheater.  With  the  Babcock  &  Wilcox,  however, 
there  is  an  ideal  location,  as  shown  in  Fig  6.  The  gases  coming  in 
contact  with  it  after  having  passed  through  the  boiler  once,  are  at 
a  temperature  low  enough  to  avoid  damage  to  the  pipes,  and  yet 
high  enough  to  do  efficient  work.  That  the  improved  boiler  may  be 
equal  in  this  respect  to  the  Babcock  &  Wilcox,  requires  that  it  be 
equipped  with  a  superheater  located  between  the  first  and  second 
gas  passes,  so  that  it  will  be  acted  on  after  the  drop  in  temperature 
of  the  first  pass  has  occurred. 

DISCUSSION. 

Mr.  IV.  L.  Abbott — The  importance  of  this  question  of  burning 
coal  is  being  impressed  upon  the  large  power  producers  more  and 
more  every  year.  Formerly,  in  large  power  plants,  the  largest,  or 
at  least  a  very  large  part  of  their  expense  was  that  of  labor ;  but 
with  larger  units  and  greater  demands  for  power,  the  necessity  of 
labor  has  diminished  relatively,  very  materially,  but  the  require- 
ments for  fuel  increase  in  proportion  to  the  requirements  for  steam. 
In  other  words,  we  are  making  very  little  progress  in  the  improve- 
ment of  our  steam  producing  apparatus. 

This  paper  of  Mr.  Bement's  points  out  some  of  the  reasons  why 
we  are  not  getting  the  results  in  plants  that  we  are  getting  on  paper; 
and  why  we  do  not  get  the  results  every  day  that  we  occasionally 
get  with  tests. 

I  think  Mr.  Bement  is  a  little  severe  in  his  strict  definition  of 
the  word  "furnace;"  at  least  some  people  would  think  so.  We 
used  to  think  that  almost  any  place  where  we  can  burn  coal  is  a 
furnace;  but  there  should  be  a  distinction  made  between  a  place  to 
burn  coal  and  a  place  to  burn  coal  properly.  When  we  see  coal  go- 
ing to  waste  in  the  ash  pit,  or  when  we  see  steam  going  to  waste 
through  the  safety  valve,  someone  is  called  to  account  very  promptly 
for  it.      But  if  we  can  see  stacks  running  like  those  illustrated  in 
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Fig.  1 5,  and  without  much  waste  in  the  ash  pit  or  much  steam 
wasted  at  the  safety  valve,  most  everybody  would  be  very  well  sat- 
isfied. As  was  pointed  out  in  the  paper,  it  is  possible  to  run  chim- 
neys like  that,  burning  20  tons  of  coal  an  hour  or  more,  and  still  not 
be  producing  any  steam — simply  using  the  heat  of  the  coal  to  warm 
up  the  cold  weather. 

Fig.  6  is  a  curve,  which  to  me  is  \ery  interesting,  showing  the  drop 
in  temperature  of  the  gases  passing  through  the  Babcock  &  Wilcox 
boiler.  That  temperature  comes  down  to  within,  I  suppose,  125  deg, 
or  so  of  the  temperature  of  the  steam, — though  perhaps  not  quite 
so  close.  The  performance  of  the  Heine  boiler,  with  which  this  is 
compared,  shows  that  if  that  curve  is  cut  off  about  one-third  of  the 
way  from  the  final  end  of  it,  we  reach  the  final  temperature  of  the 
gas  with  the  Heine  boiler ;  which  has  the  same  number  of  scjuare 
feet  of  heating  surface.  It  goes  to  show  that  there  is  that  much 
greater  proportion  of  the  heating  surface  of  the  Babcock  &  Wilcox 
boiler  brought  into  service  than  there  is  in  the  Heine  boiler. 

Fig.  7  illustrates  how  the  gas  is  short-circuited  through  the  boiler 
and  what  great  proportion  of  the  heating  surface  of  the  boiler  re- 
mains inactive  or  nearly  so. 

The  paper  brings  out  several  points  very  prominently,  and  sug- 
gests at  least  two  or  three  points,  along  which  lines  great  improve- 
ment might  be  made  in  boiler  and  furnace  practice. 

Mr.  C.  H.  Hnrd  (by  letter) — I  have  read  Mr.  Bement's  paper 
with  considerable  interest  and  I  believe  the  data  here  presented 
will  prove  itself  to  be  exeedingly  valuable,  to  the  Society  in  general, 
and  especially  so  to  those  who  are  engaged  in  the  problems  of 
economy  in  connection  with  steam  production. 

The  paper  is  of  unusual  importance  since  the  author  has  confined 
himself  in  each  argument  to  a  single  set  of  conditions,  as  frequently, 
in  investigations  of  this  nature,  we  try  to  solve  too  many  problems 
with  one  set  of  experiments.  Up  to  the  present  time  most  of  the 
work  along  this  line  has  been  carried  on  by  the  boiler  builders,  and 
in  their  desire  to  produce  a  construction  which  will  fit  all  kinds  of 
service,  it  is  not  surprising  if  they  fail  to  a  certain  extent  in  any 
special  case.  The  prevailing  idea  in  regard  to  baffles  is  to  reduce 
the  velocity  of  the  gases  through  the  boiler.  It  will  be  noted  in 
this  case  that  this  has  not  been  done,  but  rather  by  decreasing  the 
sectional  area  of  each  pass  they  have  increased  the  velocity;  and  as 
the  length  of  travel  has  also  been  increased,  the  time  required  for 
the  gases  to  pass  through  the  boiler  remains  practically  unchanged. 
Therefore,  the  gain  in  this  particular  instance  is  probabl)'  not  due 
so  much  to  the  length  of  time  in  which  the  gases  remain  in  the 
boiler  as  to  the  more  effective  manner  in  which  they  are  presented 
to  the  entire  heating  surface. 

Mr.  Bement's  statement  retrardintr  the  definition   of  boiler  effi 
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ciency,  I  believe  also  is  timely  and  to  the  point.  It  is  recognized 
among  engineers  who  are  conversant  with  the  subject  that  we  are 
in  need  of  a  better  standard  for  the  proper  comparison  of  boilers, 
and  in  view  of  the  difficulties  which  present  themselves  when  we 
try  to  test  several  boilers  under  identical  conditions,  it  would  be  a 
matter  of  very  great  convenience  if  we  were  able  to  apply  such  a 
table  of  co-efficients.  As  a  matter  of  fact,  the  "boiler  efficiency" 
as  usually  reported,  is  not  the  efficiency  of  the  boiler  at  all,  but  the 
efficiency  of  operation.  As  recommended  by  the  latest  code  of  the 
Am.  Soc.  Mech.  Engrs.,  a  complete  report  should  always  be  ac- 
companied by  a  heat  balance.  In  order  to  do  this,  it  is  just  as 
necessary  to  measure  the  quantity  of  air  or  gas,  either  directly  or 
indirectly,  as  with  the  fuel  and  water. 

At  Fig.  4,  the  author  shows  three  curves  representing  the  final 
temperature  at  various  degrees  of  initial  temperature.  Of  these, 
probably  curve  "C"  is  of  the  greatest  importance  since  it  shows  a 
boiler  under  actual  working  conditions.  It  would  also  have  been 
of  interest  to  have  had  a  fourth  curve  showing  the  efficiency  of 
this  boiler.  It  will  be  noted  in  the  range  between  1200  deg.  F. 
and  2200  deg.  F.  that  there  is  a  drop  in  final  temperature  of  about 
60  degrees.  While  this  is  not  quite  as  much  as  we  usually  get  in 
practice,  nor  nearly  as  much  as  would  be  calculated  from  Donkin's 
formula,  assuming  the  boiler  to  be  working  at  about  rating;  yet  it 
shows  a  very  important  feature  in  this  connection.  It  there  were 
no  losses  from  radiation,  it  is  evident  that  the   operating  efficiency 

1200  -  7"^0 
would  be  represented  by .     ~    or  40  per  cent    (in  the   case  of 

J                 ••^•14.                 4.~       \        J  2200-600  ,     . 

1200  degrees  mitial  temperature)  and ^^^^ — or  70  per   cent,  m 

the  case  of  2200  degrees  final  temperature.  I  point  this  out  to 
illustrate  that  while  the  final  temperature  may  remain  very  nearly 
constant  for  various  conditions,  the  efficiency  depends  principally 
upon  the  temperature  of  the  furnace. 

I  believe  the  author's  criticism  regarding  the  use  of  chain  grates 
under  Babcock  &  Wilcox  boilers  (Fig.  2)  needs  some  modification, 
as  the  difficulty  which  he  mentions  can  be  largely  overcome  by 
raising  the  boiler  considerably  above  the  grate.  Then,  if  the 
"bridge  wall"  and  the  igniting  arch  are  properly  constructed,  there 
is  no  reason  why  we  should  not  get  a  high  efficiency  with  a  vertical 
as  well  as  a  horizontal  "furnace."  Also,  practically  the  same  re- 
sults can  be  obtained  by  placing  a  damper  both  below  and  between 
the  grate  directly  on  a  line  with  the  edge  of  the  igniting  arch.  The 
function  of  this  is  to  be  able  to  regulate  the  air  between  the  thin 
bed  of  coke  and  the  thicker  bed  of  freshly  ignited  coal.  Then  by 
controlling  the  air  for  these  two  portions  of  the  grate,  the  loss  on 
account  of  the  fire  burning   "short"    will    not  only  be   diminished, 
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but  the  effect  of  carbon  mon-oxide  and  excessive  air  passin*:;  off 
together  will  be  reduced  to  a  minimum. 

I  believe  Mr.  Bement  deserves  a  great  deal  of  credit  for  bringing 
these  matters  before  the  Society. 

Mr.  P.  Junkersfcld — There  is  one  point  brought  out  in  the  paper, 
and  again  emphasized  by  Mr.  Hurd,  which  to  me  seems  a  very  im- 
portant one;  that  is,  the  fact  that  most  all  work  of  this  kind  has 
heretofore  been  done  by  the  boiler  manufacturers.  They  are 
naturally  interested  in  developing  one  type  of  boiler  and  one  type 
of  boiler  setting  that  will  meet  the  largest  possible  number  of  con- 
ditions. It  is  their  interest  to  do  so.  Mr.  Bement,  in  his  experi- 
ments, has  shown  us  I  think,  very  conclusively,  that  under  the  partic- 
ular conditions  at  least,  he  has  found  a  very  marked  improvement. 
The  question  might  be  asked,  why  did  not  the  boiler  people  find 
that  out  before  .-*  But  under  different  conditions  of  draft  and  boiler 
setting  different  results  are  obtained.  Under  some  conditions,  in 
Mr.  Bement's  experiments,  it  was  necessary  to  increase  the  draft 
and  bring  it  up  proportionately.  The  point  I  wish  to  make  is  that 
the  matter  has  been  studied  carefully  to  secure  the  best  operation 
for  each  individual  plant,  as  seldom  there  are  two  cases  just  alike  in 
all  particulars. 

I  would  like  to  ask  Mr.  Bement  what  his  method  is  of  determin- 
ing the  various  temperatures,  what  degree  of  accuracy  he  feels  he 
has  secured,  and  whether  or  not  he  has  experienced  any  particular 
diflficulty  in  securing  reliable  results  } 

Mr.  Abbott — Referring  to  what  Mr.  Hurd  said  in  his  discussion 
about  the  baffles  being  for  the  purpose  of  increasing  the  velocity  of 
the  gas,  as  shown  in  Fig.  2  of  Mr.  Bement's  paper,  if  it  were  pos- 
sible to  cut  off  the  excessive  air  from  the  thin  part  of  the  lire,  it 
would  certainly  be  very  desirable. 

Prof.  P.  M.  Chauiberlain — In  view  of  the  frequent  changes,  re- 
arrangements and  improvements  in  furnaces,  the  question  naturally 
arises,  has  the  art  of  coal  burning  gotten  to  the  scientific  stage 
when  a  furnace  can  be  designed  with  assurance  of  getting  all  the 
heat  from  a  given  coal .'' 

Mr.  Abbott — I  do  not  give  so  much  weight  to  that  question  as 
some  do.  I  think  that  with  an  ample  stack  of  sufficient  height  we 
should  be  able  to  tell  beforehand  how  much  draft  we  are  going  to 
have.  Knowing  the  grade  of  coal  we  are  going  to  burn,  we  shoukl 
know  pretty  nearly  what  the  results  would  be.  We  never  ha\e  too 
much  draft  in  the  stack.  If  there  is  too  much  in  the  fire,  it  can 
be  easily  reduced,  and  that  is  the  main  ciuestion — whether  you  have 
■draft  enough.  If  you  have  too  much,  you  can  cut  it  down  \o  what 
you  recjuire.  Personally,  I  think  that  it  shouUl  be  easy  to  tletermine 
beforehand  what  the  results  should  be  with  almost  any  setting. 

Mr.  (icorgc  Wclsby  Scott     Referring  to  l^'ig.  1,  while  the  two  ad- 
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ditional  horizontal  baffles  and  the  consequent  two  additional  hori- 
zontal passes  introduced  by  Mr.  Bement  may  serve  to  bring  about 
a  greater  degree  of  contact  of  the  gases  with  the  water  tubes  than 
is  obtained  in  the  ordinary  arrangement  of  the  Heine  boiler,  it  is 
evident  that  such  action  will  involve  associated  results  not  alto- 
gether in  the  line  of  operative  economy.  One  such  result  is  a  direct 
loss  in  draught,  and  hence  for  any  given  conditions,  a  direct  re- 
duction in  the  air  supply,  and  the  consequent  limitation  with  regard 
to  capacity  in  this  respect.  Concerning  this  point,  I  would  ask  Mr. 
Bement  if  practically  the  same  results  could  not  be  obtained  by  the 
more  simple  means  of  using  a  fairly  well-fitting  damper  in  the  up- 
take of  the  flue,  or  by  reducing  the  exit  area  in  the  upper  baffle  of 
the  regular  Heine  arrangement }  If  the  simpler  means  referred  to 
should  prove  to  be  the  economical  equivalent  of  the  arrangement 
shown  in  Fig.  i,  there  would  be  no  occasion  for  the  added  struc- 
tural difficulties  involved  by  the  use  of  the  additional  baffles  shown 
in  Mr.  Bement's  arrangement. 

I  would  also  ask  Mr.  Bement  if  in  his  special  work  in  connection 
with  the  operation  of  steam  boilers,  he  has  observed  that,  other 
things  being  equal,  the  boiler  which  is  fired  the  hottest — that  is  in 
which  the  furnace  gases  are  at  the  highest  temperature,  even 
though  the  final  or  tail  gasses  may  be  also  relatively  high — pro- 
duces steam  for  the  least  cost  in  fuel.'' 

Mr.  ^(^^<?/'/— Personally  I  have  noticed  that  the  higher  the  initial 
temperature,  the  lower  the  final  temperature.  The  reduction  of 
the  initial  temperature  can  be  brought  about  by  an  excess  of  air.  I 
have  not  regarded  it  as  probable  that  you  could  have  a  high  initial 
temperature  and  high  terminal  temperature  also.  I  would  like  to 
have  Mr.  Bement  discuss  that  point  a  little  in  his  closure. 

Mr.  Scott — In  this  case  I  referred  to  boilers  operating  at  or 
about  commercial  rating;  or,  if  it  will  make  the  point  clearer,  I 
would  ask,  is  it  not  a  fact  that  other  things  being  equal,  the  boiler 
which  produces  more  steam,  and  thus  gives  out  more  horse  power, 
does  so  with  less  cost  per  looo  lbs.  of  steam  than  one  operated 
less  vigorously.? 

Mr.  Abbott — In  that  case  it  is  true  to  some  extent,  where  you 
are  burning  more  coal  than  possibly  the  boiler  was  designed  for. 

M.J.  P. JoJmston — Referring  to  page  14,  Mr.  Bement  states, 
"It  is  observed  that  the  combustible  gases  and  air  do  not  come  in 
contact  to  a  sufficient  extent  to  mix  with  each  other,  but  flow  in 
unmixed  condition  among  the  tubes  of  the  boiler,"  etc.  I  would 
like  to  ask  if  he  has  made  any  tests  to  show  that  this  is  so .-' 

Mr.  W.  L.  Goddard — We  have  been  making  some  experiments 
lately  at  the  McCormick  Twine  Mills,  which  have  given  some  in- 
teresting results. 

The   experiments   have   been   carried   on   during    the   last   two 
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months.     What  we  have  done,  was  to  convert  a  Babcock  &  Wilcox 
type  of  boiler  to  a  Heine  type — Fig.  20. 

Several  years  ago,  I  improved  the  steaming  capacity  of  some 
Heine  boilers  by  introducing  vertical  baffles,  as  shown ;  we  found 
the  same  conditions  existing  in  this  case,  as  in  Fig.  1 2  ;  the  gases 
took  the  direction  illustrated.      Upon   placing  a  piece  of  lath   in 
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Fig.  20. 


he  back  upper  corner  among  the  tubes  and  in  the  front  lower 
corner,  we  found  that  it  would  remain  there  several  hours  and  be 
hardly  charred.  We  came  to  the  conclusion  that  the  heat  was  not 
reaching  these  corners  of  the  boiler,  and  that  these  parts  of  the 
boiler  were  not  doing  any  work.  After  the  vertical  baffles  were 
introduced  there  was  no  more  trouble  about  lack  of  steam.  In  the 
boiler  we  are  now  experimenting  with,  we  removed  the  vertical 
baffles  and  put  a  tile  roof  over  the  furnace,  and  over  the  top  row 
of  tubes.  We  have  been  operating  the  boiler  in  this  condition 
for  over  six  weeks,  and  we  get  an  intensly  hot  fire,  and  while  we 
have  not  made  any  accurate  tests,  we  are  satisfied  that  this  boiler 
is  doing  more  work  than  others  we  have.  We  have  determined 
this  by  filling  this  and  the  other  boilers  in  the  same  battery  to 
the  same  height ;  then  closing  the  feed  pipes  tight  on  each,  the 
water  will  go  down  the  soonest  in  the  boiler  with  the  tile  roof 
furnace.  We  are  having  trouble  with  the  tile  roof  burning  out. 
If  we  can  find  a  tile  that  will  endure  the  intense  heat,  we  believe 
we  will  have  made  an  improvment. 

Our  point  is,  that  we  have  made  a  "dutch  oven"  furnace  and 
placed  it  under  the  boiler;  we  did  not  have  room  to  place  it  in  front 
as  we  would  liked  to  have  done,  so  we  did  the  next  best  thing. 
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Last  Sunday  we  burned  fifteen  tons  of  coal  under  this  boiler,  in 
twelve  hours;  the  coal  was  "No.  2  Nut,"  from  the  Odin  district, 
Illinois.  The  boiler  was  probably  doing  double  its  rating  as  it 
takes  five  hundred  Boiler  H.  P.  to  heat  our  building.  We  had  no 
trouble  in  keeping  up  steam,  and  at  no  time  did  we  see  any  smoke 
coming  from  our  chimney. 

Mr.  Abbott — ^To  what  do  you  attribute  your  increased  efficiency.'' 

Mr.    Goddard — To  a  hotter  furnace. 

Mr.  J.  E.  Bond — To  what  do  you  attribute  your  hotter  furnace.? 

Mr.  Goddard — It  is  a  "dutch  oven"  and  I  do  not  know  of  any 
better  furnace  than  such.  It  is  the  hottest  type  of  furnace  you 
can  get,  and  it  keeps  the  fire  from  the  tubes  until  combustion  has  a 
chance  to  take  place. 

Mr.  J.  E.  Bond — I  have  been  experimenting  in  locomotives  along 
the  same  hne,  and  think  an  excessively  hot  furnace  is  due  to  igni- 
tion of  the  hydrogen  gas.  At  least  I  think  that  is  the  reason. 
Carbon  burns  at  comparatively  low  temperature,  and  consumes 
about  1 2  pounds  of  air  per  pound  of  combustible,  and  with  perfect 
combustion  gives  about  14,000  British  thermal  units.  Hydrogen 
I  believe  burns  at  high  temperature,  requiring  about  1,600  deg.  F. 
to  ignite,  consumes  about  36  pounds  of  air  per  pound  of  combusti- 
ble, and  gives  with  perfect  combustion  about  62,000  British  ther- 
mal units. 

By  having  the  baffle  plate  spoken  of,  you  will  have  the  high  tem- 
perature necessary  to  ignite  the  hydrogen,  the  gases  which  would 
otherwise  pass  off  through  the  stack. 

Mr.  Abbott — As  a  matter  of  fact,  the  hydrogen  which  exists  in 
these  gases  is  not  free  but  is  in  combination  as  hydrocarbons,  and  I 
believe  that  when  they  are  broken  up,  the  hydrogen  will  burn  first, 
and  what  goes  away  is  usually  carbon  monoxide  or  soot,  if  there  is 
not  oxygen  enough  to  burn  it  all.  I  would  explain  the  higher  tem- 
perature in  that  case  by  the  fact  that  the  hydrocarbons  do  burn, 
and  you  get  the  additional  heat  from  them. 

Referring  to  Fig.  6  of  Mr.  Bement's  paper — the  curve  showing 
the  temperature  obtained  in  the  Babcock  &  Wilcox  boiler — the  final 
temperature  was  very  much  lower  than  with  the  Heine  boiler ; 
nevertheless,  the  efficiency  of  the  Heine  boiler  was  greater  than  that 
of  the  Babcock  &  Wilcox  boiler,  because  of  the  fact  that  these  gases 
were  all  burned  before  they  reached  the  cold  tubes.  The  Heine 
boiler,  although  it  has  only  about  two-thirds  of  the  capacity  for 
cooling  off  an  equal  amount  of  gas  as  the  Babcock  &  Wilcox  boiler, 
has  exceeded  in  efficiency  the  Babcock  &  Wilcox  boiler,  because  of 
the  fact  it  had  under  it  what  Mr.  Bement  calls  a  furnace.  I  think 
it  is  possible,  on  account  of  obtaining  such  good  results  in  compar- 
ative tests  with  the  Babcock  &  Wilcox  boiler,  that  the  Heine  people 
have  been  satisfied  with  their  baffles  as  they  have  made  them,  per- 
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haps  not  realizing  that  their  success  was  caused  by  having  facihties 
for  a  hotter  fire,  and  what  they  lost  in  hot  gases,  the  Babcock  & 
Wilcox  boiler  more  than  lost  in  unconsumed  gases. 

Mr.  Geo.  M.  A/aj'er  —  l  would  like  to  ask  Mr.  Bement  whether  in 
his  opinion  the  arrangement  of  the  baffle  plates  of  the  Babcock  & 
Wilcox  boiler  is  not  better  than  in  the  improved  Heine  boiler,  by  using 
vertical  baffle  plates,  so  that  the  gases  impinge  on  the  tubes  instead 
of  sliding  along.  The  Heine  boiler  showing  a  larger  efficiency  by 
a  small  amount,  it  would  seem  that  there  is  an  apparent  gain  in  the 
gases  crossing  the  tubes,  inasmuch  as  the  improved  Heine  boiler 
has  the  furnace — ^so-called  by  Mr.  Bement — while  the  Babcock  & 
Wilcox  boiler  is  without  this  improvement } 

Mr.  Abbott — That  is  a  very  interesting  question,  and  it  is  a  talk- 
ing point  with  the  Babcock  &  Wilcox  people  that  the  gases  in  their 
boilers,  crossing  the  tubes  at  right  angles,  give  up  more  heat  than 
if  flowing  parallel  to  them. 

Mr.  F.  K.  Vial — We  are  figuring  on  fitting  up  a  boiler  some- 
thing similar  to  what  Mr.  Goddard  has  shown.  The  reason  is  the 
size  of  the  boilers  is  so  small,  we  did  not  have  room  for  the  suc- 
cessful baffling  that  you  have  in  the  larger  boilers.  The  special 
boilers  in  which  I  am  interested  are  only  about  six  tubes  high,  and 
therefore  it  would  be  impractical  to  make  the  three  passes.  We 
could  use  the  baffling  as  shown  in  Fig.  20,  which  seems  to  me  to 
be  a  very  practical  suggestion,  as  the  heat  comes  in  contact  with  all 
parts  of  the  tube. 

I  would  like  to  ask  if  any  damage  is  likely  to  accur  to  the  lower 
tube  on  account  of  the  encircling  tile,  and  if,  on  account  of  the 
intense  heat  which  the  tile  receive,  there  might  not  be  some  objec- 
tion from  the  boiler  inspectors.'' 

Mr.  J.  C.  Blcy — Referring  to  Fig.  8.  The  text  speaks  of  line  Y; 
I  would  like  to  know  if  that  is  the  vertical  line,  and  if  so,  at  what 
point  across  the  width  of  the  boiler  the  measurement  is  taken.!* 
Were  they  taken  near  the  centre  of  the  boiler  horizontally,  or  at 
one  side  of  the  centre.'' 

Mr.  Abbott — Near  the  centre;  beginning  at  the  bottom  and  then 
reaching  up. 

Mr.  Blcy — Since  you  have  had  such  success  in  baffling  so  far, 
why  not  carry  it  further.''  In  that  connection,  I  suppose  there 
would  be  one  difficulty  if  you  run  it  too  far — viz.,  the  passages 
would  choke  up  and  you  would  have  difficulty  in  cleaning  them  out. 
How  often  do  these  baffle  passages  need  cleaning  out  in  order  to 
keep  them  in  working  order.!* 

Mr.  Abbott — The  ones  referred  to  have  been  in  a  year  and  have 
not  yet  been  cleaned. 

Mr.  Bley — Do  you  think  you  could  put  in  twice  as  many  as  you 
have  now  and  have  twice  the  result.'' 
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Mr.  Abbott— ^Yes. 

Mr.  Blcy — Three  times  as  many? 

Mr.  Abbott — Yes,  I  think  so,  if  there  is  draft  enough.  In  this 
case  we  do  not  have  any  soot ;  some  ashes  go  up,  but  the  flame  is 
burned  out  before  it  gets  to  the  boilers,  so  there  is  nothing  that  you 
would  call  soot.  It  is  automatic,  and  is  due  to  the  construction  of 
the  furnace ;  it  makes  no  difference  whether  it  is  a  good  or  poor 
fireman,  there  is  never  any  sm.oke ;  I  have  never  noticed  it  even  on 
a  green  fire. 

Mr.  Blcy — On  looking  at  the  diagram  of  the  Babcock  &  Wilcox 
boiler  as  compared  with  the  Heine  boiler,  would  the  question  of  the 
circulation  of  the  water  in  the  boiler  be  an  important  item  }  I  sup- 
pose the  efficiency  of  the  boiler  was  based  on  the  amount  of  steam 
it  produced.  In  the  Heine  boiler  the  water  legs  admit  of  the  cir- 
culation of  the  water  through  the  tubes  much  more  readily  than  the 
pipe  connections  of  the  Babcock  &  Wilcox  boiler,  and  I  would  like 
to  inquire  whether  that  difficulty  has  been  noted  in  the  different 
boilers  under  the  same  management. 

Mr.  Abbott — That  is  a  very  vital  question  in  some  cases. 

CLOSURE. 

Mr.  Bcinait — Mr.  Hurd's  explanation  of  the  reason  for  the  higher 
efficiency  of  the  boilers  with  greater  length  of  gas  travel  is  inter- 
esting, and  probably  to  a  large  extent  true.  I  gave  the  reason  as 
owing  both  to  more  time  and  exposure  to  greater  amount  of  boiler 
surface.  The  velocity  is  not  in  proportion  to  reduction  in  area,  be- 
cause with  the  improved  boiler,  compared  with  the  Heine,  draft  at 
the  fire  was  reduced  about  one-third.  According  to  Fig.  7  it  would 
appear  that  the  gases  flow  in  the  Heine  boiler  through  a  small  area. 
The  reason  is  probably  owing  both  to  greater  interval  of  time  and 
exposure  to  more  boiler  surface. 

Curve  C  of  Fig.  4  is  the  proper  one  to  illustrate  the  effect  of  the 
initial,  or  final  temperature ;  but  its  determination  is  a  diffiult  mat- 
ter, requiring  uniform  heat  generation  at  different  temperatures.  If 
this  curve  had  been  determined  it  would  have  shown  that  the  final 
temperature  is  not  constant,  as  I  have  assumed,  but  higher  with 
.the  lower  initial,  and  lower  with  the  higher  initial  temperature ;  but 
as  it  is  desirable  to  illustrate  the  effect  of  the  entire  range  of  the 
initial  temperature,  I  employed  the  conservative  assumption  that 
the  final  is  constant  for  usual  working  conditions  and  to  show 
that  my  assumption  is  permissible,  curve  A  was  determined — the 
strongest  obtainable  evidence  to  the  contrary — the  formation  of 
which  was  influenced  by  rapidly  increasing  quantity  of  heat,  accom- 
panying increasing  initial  temperature.  For  example,  with  2,200 
deg.,  the  fire  was  eight  feet  long,  and  with  400  (Xd^^.  initial  temper- 
ature, the  fire  was  about  eight  inches  long. 
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A  vertical  furnace  of  sufficient  height  would  cause  complete  mix- 
ture of  the  gases,  but  would  be  an  inconvenient  and  expensive  form 
of  construction,  ret|uiring  that  the  boiler  be  located  at  least  i6  feet 
above  the  grate  to  secure  the  same  result  had  with  the  horizontal 
furnace. 

If  the  air  supply  could  be  proportioned  to  the  different  thickness 
of  fire  on  the  grate,  by  an  arrangement  of  adjustable  dampers,  very 
much  better  mixture  between  fuel  and  air  could  be  had  at  the  grate, 
but  such  would  be  a  complicated  device  requiring  delicate  regula- 
tion. Herein  lies  the  difficulty,  as  it  is  now  almost  impossible  to 
get  present  apparatus  operated  properly. 

The  final  temperatures  for  the  Babcock  &  Wilcox  and  Heine  No. 
I  were  measured  with  an  electrical  resistance  pyrometer.  Those 
of  the  improved  boiler  and  Heine  No.  2  were  measured  with  high 
range  thermometers.  Comparison  of  these  were  made  with  a  spec- 
ial standard  thermometer  made  for  the  purpose  of  these  tests,  all 
values  being  based  on  the  standard  instrument. 

Temperature  measurements  shown  in  Figs.  6,  7,  8  and  9  were 
made  with  a  thermo-electric  couple,  those  in  the  Babcock  &  Wilcox 
boiler  at  the  time  of  the  regular  test.  Measurements  in  the  Heine 
boilers  Figs.  7,  8  and  9  were  independent  of  the  regular  tests ; 
others  not  shown  were  made;  the  time  devoted  to  this  measuring 
was  40  hours,  some  of  the  points  being  based  on  averages  of  as 
high  as  50  determinations.  No  difficulty  were  experienced,  and 
every  precaution  against  error  adopted.  The  accuracy  of  the  work 
is  without  question. 

I  consider  it  possible  to  design  apparatus  of  very  high  efficiency ; 
the  improved  Heine  boiler  has  proven  itself  to  be  such,  and  the  im- 
proved chain  grate  described  when  located  in  a  furnace,  certainly 
fulfills  the  requirements  for  very  efficient  combustion. 

It  would  be  desirable  to  employ  a  refractory  material  of  greater 
resisting  power  than  fire  brick,  for  the  furnace  roof-tiles,  if  obtain- 
able at  a  reasonable  cost ;  there  is  a  possibility  that  the  material 
known  as  siloxicon  may  be  available  for  this  purpose.  The  fire 
brick  tiles  however,  give  no  trouble  when  properly  made  from  good 
material,  and  have  a  long  life. 

Good  heat  efficiency  with  any  apparatus  is  dependent  on  proper 
operation,  and  this  is  a  whole  problem  in  itself.  Formerly  it  was 
my  principal  effort  to  induce  people  to  operate  the  apparatus  that 
they  had  to  best  advantage,  but  after  further  study  and  experiment, 
I  find  that  large  improvement  in  present  apparatus  is  possible. 

Capacity  is  dependent  on  the  How  of  air  through  the  fuel  bed, 
and  is  governed  by  the  strength  of  draft,  also  by  the  resistance 
offered  by  the  fuel.  For  example  very  small  sized  coal  offers  greater 
resistance  than  larger  size,  and  therefore  requires  stronger  draft.  If 
uniform  capacity  is  to  be  maintained,  the  draft  at  the  fire  must  be 
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regulated  according;  to  the  resistance  of  the  fuel  bed.  A  very 
strong  draft  ensuring  a  certain  reserve  power  is  very  useful,  but  as 
far  as  economy  is  concerned,  it  is  a  dangerous  thing  to  put  under 
the  control  of  most  owners  and  operators,  because  it  is  the  prevail- 
ing custom  to  always  use  the  full  draft  whether  necessary  or  not. 
A  strong  draft  is  responsible  for  greater  heat  losses  than  often  re- 
alized, owing  to  its  increasing  the  excess  of  air,  due  to  the  fuel  sup- 
ply not  being  sufficient  for  the  air  supply. 

This  proposed  chain  grate  will  not  of  itself  operate  to  the  best 
efficiency,  since  the  draft  must  be  regulated  to  suit  the  fuel  bed, 
and  this  requires  that  a  draft  gauge  be  attached  to  each  furnace.  If 
the  available  draft  is  not  sufficient  to  give  the  required  capacity  an 
auxiliary  means,  such  as  forced  draft,  may  be  employed. 

As  showing  the  variation  in  size  of  coal  received  as  ^V-inch 
screenings  I  have  prepaped  table  No.  i  from  the  laboratory  records. 

TABLE  NO.    1. -SIZES  OF  COAL. 


SIZES  OF  OPENINGS  IN  SCRFENS. 


lEK  CENT  or  COAL  PASSING  THROUGH  EACH  SIZE. 


0.2.5 

08  2 

0  50         

...                    f)  8 

0.75       

..' 9.4 

1.00 

7.4 

1.25   

5.2 

1..50 

0.0 

0.0 


B 

C 

48.0 

D 

E 
22  0 

60.7 

20  0 

13.7 

20.0 

30.0 

12.0 

9.3 

24.0 

20.0 

20.0 

8.9 

8.0 

20.0 

20  0 

5  9 

0.0 

10.0 

20.0 

1   5 

0.0 

0.0 

6.0 

0.0 

0.0 

0.0 

0  0 

29.0 
10.0 
12.0 
13.0 
15.0 
14.0 
7.0 


Sample  A  is  an  example  of  a  small  sized  coal,  while  F  is  one  of 
large  size,  and  D  one  of  very  desirable  mixture,  neither  too  large 
nor  too  small.  This  coal  is  all  of  the  same  geological  character  and 
from  the  same  locality  ;  there  is  but  slight  difference  in  moisture  and 
ash,  and  heating  power  in  consequence,  differs  not  to  exceed  lo  per 
cent.  In  one  of  the  furnaces  of  the  plant  in  question  coal  A  would 
produce  not  to  exceed  300  H.  P.,  while  that  shown  by  D  would 
make  as  much  as  600  to  700  H.  P.,  with  the  maximum  obtainable 
draft  in  each  case.  Now  it  is  obvious  that  the  coal  A  would  require 
a  stronger  draft  to  burn  the  same  quantity  in  a  given  time  as  would 
be  the  case  with  coal  D.  When  it  is  realized  that  the  size  of  coal 
as  shown  in  Table  No.  i  may,  and  does  change  from  hour  to  hour, 
the  necessity  of  properly  proportioned  conditions  is  of  vital  im- 
portance. 

It  must  be  understood  that  for  high  furnace  efficiency  to  be  at- 
tained, requires  not  only  a  good  apparatus,  but  means  for  its  proper 
manipulation. 

Mr  Scott  presents  .some  interesting  and  important  questions  re- 
garding the  effect  of  the  changes  made  in  the.se  boilers,  and  I  will 
explain  the  effect  fully. 

The  chain  grates  replace  another  type  of  furnace,  under  a  portion 
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of  these  boilers,  with  tiie  result  that  the  bottom  row  of  tubes  of  the 
Heine  boilers  rapidly  burned  out  and  failed,  owing  to  the  bottom  half 
of  the  tubes  being  exposed  to  the  fire  for  their  full  length  as  illus- 
trated by  Fig.  14.  These  tube  failures  were  not  only  inconvenient 
and  dangerous,  but  very  expensive.  The  cause  was  that  the  water 
supply  capacity  of  the  tube  itself  was  not  equal  to  the  quantity  of 
heat  supplied  to  it.  The  application  of  the  encircling  tile.  Fig.  14, 
was  a  complete  and  satisfactory  remedy  of  very  great  value. 

The  effect  of  the  added  horizontal  baffles  was  to  increase  capacity 
and  efficiency;  reduce  draft  and  coal  burning  capacity,  as  shown  by 
Table  No.  2,  which  contains  data  from   the  report   of  one  of  the 

TABLE  NO.   2— TESTS  OF  BOILERS. 

HEINE  IMPROVED 

BOILER.  BOILER. 


(1 

(3 

(4 

(5 

(6 

(7 

(8 

(9 

(10 

(11 

(12 

(13 

(14 
(15 


Sqare  feet  of  heating  surface 4,800  4,800 

Square  feet  of  grate  surface 72.2  72.2 

Pounds  of  combustible  burned  per  hour 1,765.75  1,446.56 

Heating  power  of  combustible  B.  T.  U.   per  pound.  .'.  13,201  13,201 

Pounds  of  water  evaporated  per  hour 13,210.34  13,029.34 

Temperature  of  feed  water  degrees  F 212  212 

Temperature  of  gases  final,   F.  degrees 594  442 

Temperature  of  gases  final  above  air  F.  degrees 514  362 

Temperature  of  gases  final  above  steam  F.  degrees.  .. .  217  65 

Temperature  of  steam  F.  degrees 377  377 

Draft  over  fire,  inches  of  water 0.38  0.22 

Horse-Power 382  91  395.05 

Pounds  of  water  evaporated  from  and  at  212  F.   per 

pound  of  combustible  burned         7.47  9.42 

Efficiency,  per  cent  of  heat  absorbed  by  boiler 54.64  69.60 

Fuel  saving  due  to  improvement,   per  cent 21 .40 


tests  between  the  improved  and  unimproved  Heine  boilers.  The 
size  of  coal  used  in  the  tests  was  rather  small;  for  this  reason  the 
capacity  was  not  large.  These  two  tests  were  run  at  the  same 
time,  one  being  started  fifteen  minutes  in  advance  of  the  other. 
Coal  from  the  same  bunker  was  used  on  each  grate,  alternate 
wheel-barrow  loads,  being  delivered  before  each  boiler  and  only  as 
required.  The  boilers  adjoin  each  other  in  battery.  The  dampers 
were  full  open,  and  each  apparatus  was  forced  to  the  maximum  at- 
tainable capacity  which  however  as  stated,  was  not  great  on  ac- 
count of  the  size  of  the  coal.  It  will  be  observed  that  while  the 
draft  is  reduced,  the  effect  of  the  improvement  is  to  increase  the 
capacity  as  well  as  the  efficiency.  The  amount  of  heat  generated 
was  largest  with  the  Heine  apparatus,  but  the  absorbing  capacity 
of  the  improved  boiler  was  sufficient  to  recover  a  greater  ciuantity. 
although  its  available  supply  was  less.  Therefore  instead  of  this 
improvement  reducing  capacity  it  increased  it. 

There  are  no  structural  difficulties  in  connection  with   the   in- 
serted baffles,  the  temperature  at  their  location  is  not  high  enough 
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to  have  any  influence  on  their  Hfe,  and  their  presence  occasions  no 
difficulties  whatever. 

In  reference  to  the  effect  of  increasing  the  length  of  the  upper 
baffle  of  the  Heine  design,  so  as  to  cause  the  gases  to  flow  nearer 
to  the  front  water  leg  at  the  point  of  exit,  I  had  the  baffling  of  one 
of  these  boilers  increased  as  Mr.  Scott  suggests,  and  while  the  re- 
sult was  of  course  beneficial  to  some  slight  extent,  it  was  not 
enough  to  be  discovered.  Later  the  Heine  Boiler  Company  en- 
gaged Mr.  ].  ].  DeKinder  to  examine  into  the  matter.  He  had 
the  tile  roof  and  the  upper  baffle  of  one  of  the  Heine  boilers  re- 
moved, and  replaced  with  fire  clay,  to  ensure  that  there  should  be 
no  leaks;  at  the  same  time  their  length  was  increased  as  Mr.  Scott 
suggests.  Mr.  A.  C.  Wood  then  made  tests  for  the  boiler  com- 
pany, the  result  of  which  corroborated  the  tests  of  the  Chicago 
Edison  Company. 

Partly  closing  the  damper  of  the  Heine  boilers  would  result  in 
increased  efficiency,  but  would  be  accompanied  by  reduced  capacity, 
a  matter  of  serious  importance  in  the  case  in  question.  A  plant 
can  not  operate  without  sufficient  capacity,  but  may  do  so  at  low 
efficiency. 

To  the  question  whether  the  highest  heat  efficiency  in  general 
practice,  is  accompanied  by  correspondingly  high  final  temperature, 
the  answer  is  that  it  does.  The  reason  is  that  in  the  large  majority 
of  cases,  too  much  furnace  capacity  is  employed;  this  makes  it  im- 
possible to  supply  sufficient  coal  to  utilize  the  air  supply  to  best 
advantage  without  more  steam  bemg  made  than  required;  this  re- 
sults in  low  initial  temperature,  and  consequently  low  efficiency. 
If  some  of  the  units  are  shut  down  and  the  load  carried  by  a  smaller 
number,  it  requires  that  they  be  fired  harder,  causing  a  rise  of  both 
initial  and  final  temperature,  but  the  rise  of  the  former  is  very 
much  more  than  the  latter.  This  is  illustrated  by  curve  A  of  Fig. 
4.  It  is  observed  that  both  temperatures  rise  together.  The  final 
by  62  per  cent  and  initial  by  425  per  cent  for  the  range  of  measure- 
ments. It  is  not  the  final,  but  the  difference  between  the  initial 
and  final  temperature,  which  controls  heal  efficiency.  Therefore 
it  is  apparent  that  if  initial  temperature  should  be  1500,  and  final 
500,  and  an  increase  of  final  to  600  is  accompanied  by  initial 
increase  to  2500,  that  the  latter  would  be  the  more  efficient 
condition. 

If  however,  maximum  initial  temperature  prevails,  and  the  quan- 
tity of  heat  generated  is  in  creased  j  by  burning  more  coal — due  for 
example  to  stronger  draft — the  final  temperature  will  rise  due  to 
resistance  of  the  heating  surface,  while  the  initial  remains  constant. 

If  the  quantity  of  heat  generated  remains  constant,  increase  of 
initial  is  accompanied  by  decrease  of  final  temperature;  or  if  initial 
decreases  it  results  in  increase  of  final  temperature. 


80  /Jiscussiofi — fioihrs  and  Chain   (iraCf  Stokirs 

A  poor  boiler  with  a  good  fire  under  it,  will  give  better  results 
than  a  good  boiler  with  a  poor  fire,  but  with  the  same  fire  under 
each  the  good  boiler  will  produce  the  lowest  final  temperature  and 
consequently  the  highest  efficiency. 

Mr.  Scott,  of  course,  does  not  imply  that  because  the  Heine 
produces  higher  final  temperature  than  the  improved  boiler,  that  it 
is  more  efficient,  because  it  would  be  denying  the  truth  of  the  im- 
portant law  of  thermodynamics,  as  expressed  by  the  equation. 

Efficiency  = ^ — — 

In  answer  to  Mr.  Johnson  I  will  say  that  the  escape  of  combusti- 
ble gases  is  proven  by  analysis,  by  the  corroding  of  an  exposed 
platinum  wire,  and  by  the  smoke  from  the  chimney.  In  the  test  of 
the  Babcock  &  Wilcox  boiler  it  amounted  to  8.86  per  cent  of  the 
heat  charged  to  the  boiler. 

It  will  be  observed  that  Mr.  Goddard  has  changed  his  Babcock 
&  Wilcox  type  of  boiler  to  a  Heine  for  the  purpose  of  enabling 
him  to  use  a  furnace. 

In  answer  to  Mr.  Mayer,  I  have  not  determined  whether  there  is 
any  advantage  in  gas  travel  across  the  tubes,  as  compared  with  that 
parallel  with  them ;  if  there  is  it  is  probably  very  little.  The  two 
methods  have  an  equal  number  of  advocates. 

In  reference  to  Mr.  Vial's  inquiry  I  will  say  that  no  damage  to 
the  lower  tubes  is  caused  by  the  encircling  tiles ;  on  the  contrary 
their  presence  is  of  enormous  protective  value. 

The  line  Y,  about  which  Mr.  Bley  inquires,  is  a  vertical  one  at 
the  middle  of  the  boiler. 

I  do  not  consider  it  advisable  to  carry  the  baffling  to  any  greater 
extent  than  that  employed,  because  the  consequent  reduction  in 
capacity  would  overcome  the  slight  gain  in  efficiency.  When  gases 
leave  at  65  to  94  deg.  above  steam  temperature,  there  is  but  slight 
possibility  of  the  boiler  extracting  more  heat.  If  this  should  be 
done  however,  they  would  not  fill  up  with  soot,  because  there  is  no 
smoke,  and  they  could  not  be  obstructed  by  fine  dust  of  the  ash, 
because  the  draft  would  not  be  strong  enough  to  carry  it  out  of  the 
furnace.  With  the  present  arrangement  there  is  no  trouble  from 
the  passages  filling  up ;  the  surface  of  these  boilers  is  blown  off  by 
a  steam  jet,  just  the  same  as  any  water  tube  boiler. 

In  reference  to  the  comparative  areas  for  water  circulation,  those 
of  the  Heine  are  superior  to  the  Babcock  &  Wilcox,  but  it  does  not 
appear  that  this  fact  has  much  if  any,  effect  on  heat  efficiency. 

Following  a  suggestion  of  mine,  Mr.  C.  A.  llurd  has  made  some 
tests  to  determine  the  effect  of  different  strength  of  draft  on  efiiciency 
and  capacity,  with  a  300  H.  P.  Babcock  &  Wilcox  type  of  boiler 
served  by  a  chaingrate  stoker.  I  am  indebted  to  him  for  the  fol- 
lowing data,  and  for  the  graphic  illustration  shown  in  tiiagam  h'lg.  2  1 . 
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The  different  performance  is  given  in  Table  No.  3.  The  thickness 
of  fire  was  7.5  inches,  the  coal  was  an  average  Illinois  screenings 
of  fairly  uniform  size. 
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Fig.  21. 

From  the  above  I  have  prepared  Fig.  22,  wherein  capacity  and 
efficiency  are  plotted  in  their  relation  to  draft.  The  maximum 
strength  of  draft  in  this  plant,  containing  a  large  number  of  similar 

TABLE  No.  3. 

EFFECT  OF  STRENGTH  OF  DRAFT  ON  PERFORMANCE  OF  BABCOCK  &  WILCOX  BOILER  WITH 

CHAIN  GRATE  STOKER. 


Draft  at  tire, 

inches  of 

water. 


H.  P. 


CO, 


Final 
Temper- 
ature. 


Evapora- 
tion. 


Effi- 


Water  pr. 

sq.  ft.  of 
ciency.         ^tt    c 


2  0 

315 

11.1 

10.4 

10.0 

9.0 

8.4 
8.0 
7,5 

555 
575 
675 

685 
685 
730 
750 

7.3 
7.0 
6.7 
6.5 
6.4 
5.9 
5.5 

70.0 
08.0 
65.0 
62.5 
61.5 
57.0 
53.0 

3.6 

2  5 

350 

4.1 

.3.0   .    . 
3  5 

....400 
. .    .400 

4.4 
4.4 

.40.... 
4.5   ... 
5.O.... 

....478 
....426 
...   402 

5.5 
4.9 
4  6 

units,  is  0.5  inches  of  water  at  the  fire,  and  it  had  been  the  custom 
to  keep  dampers  full  open;  this  resulted  in   capacity   shown   by 
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point  A  and  efficiency  of  53  per  cent.  The  simple  reduction  of  draft 
transferred  practically  the  same  capacity  to  point  B,  and  increased 
efficiency  to  65  per  cent.      It  is  interesting  to  observe  that  capacity 
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was  increased  by  reduction  of  draft,  the  maximum  being  at  0.4 
inches  of  water.  In  the  extension  of  the  curves,  it  is  assumed  that 
capacity  and  efficiency  would  drop  to  zero  at  0.8  inches  of  draft; 
this  point,  however,  would  be  governed  by  the  size  of  the  coal.  It 
will  be  observed  that  there  is  an  apparent  inconsistency  in  some  of 
the  points  of  the  capacity  curve;  this  cannot  be  taken  as  an  indica- 
tion of  error,  because  varying  size  of  coal  will  produce  such  result. 


GEORGE  SHATTDCK  MORISON. 

A  MEMOIR.* 

The  late  George  S.  Morison  was  a  born  Engineer.  His  father  was 
a  Unitarian  minister,  of  Scotch-Irish  stock  which  originally  settled 
in  New  Hampshire,  but  the  son  was  born  in  New  Bedford,  Mass., 
December  19th,  1842,  and  spent  much  of  his  boyhood  at  Milton, 
near  Boston.  He  was  prepared  for  college  at  the  Phillips  Exeter 
Academy  and  graduated  from  Harvard  in  1863.  He  planned  for 
himself  a  legal  career,  studied  law,  received  the  degree  of  LL.B.  in 
1866,  and  was  admitted  to  the  New  York  bar  the  same  year. 

*  Prepared  by  Messrs.  O.  Chanute,  H.  W.  I'arkhurst,  E.  L.  Corthell,  A.  No- 
ble, R.  Modjeski  and  E.  Gerber. 
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But  he  found  that  he  had  made  a  mistake,  as  all  his  instincts  were 
towards  mechanical  constructions.  He  had  conceived  a  strong  dis- 
like to  the  law.  He  considered  it  a  heterogeneous  mass  of  prece- 
dents through  which  cases  were  more  often  determined  upon  former 
decisions  than  upon  their  abstract  merits.  The  equity  branch  is 
the  only  one  he  would  have  cared  to  practice,  but  the  building  of 
public  works  so  appealed  to  him  that  he  determined  to  throw  up 
the  law  and  to  become  an  engineer. 

Through  his  friends  in  Boston  he  was  recommended  to  Mr.  [as. 
F.  Joy,  of  Detroit,  Mich.,  who  was  the  head  of  the  "  Boston  party  " 
then  extending  the  Michigan  Central  and  the  Chicago,  Burlington 
&  Ouincy  Railroad  Systems  into  Missouri,  Kansas  and  Nebraska, 
and  through  him  he  was  sent,  in  October,  1867,  to  Mr.  O.  Chanute, 
who  was  then  building  the  first  bridge  across  the  Missouri  River,  at 
Kansas  City,  for  one  of  the  "Joy  Roads." 

Morison  started  in  his  new  profession  quite  without  preliminary 
training,  but  he  displayed  such  aptitude  and  ability  that  he  advanced 
very  rapidly,  and  after  the  bridge  was  opened  (July,  1869),  he  was 
selected  by  Mr.  Chanute  to  assist  in  preparing  for  publication  an 
account  of  the  construction  of  the  "  Kansas  City  Bridge,"  which 
had  attracted  some  public  attention  in  consequence  of  its  novelty 
and  apprehended  difficulties. 

From  January,  1870,  to  June,  1871,  Mr.  Morison  was  engaged 
in  making  examinations  of  the  character  and  resources  of  the  coun- 
try through  which  it  was  proposed  to  extend  the  "  Joy  Roads."  In 
June,  1 87 1,  he  was  called  to  Detroit  to  take  charge  of  the  Detroit, 
Eel  River  and  Illinois  R.  R.  as  Chief  Engineer.  He  remained  there 
until  April,  1873.  By  that  time,  Mr.  Chanute  having  become  Chief 
Engineer  of  the  Erie  Railway,  Mr.  Morison  rejoined  him  as  Resi- 
dent Engineer  of  the  Eastern  Division.  The  Erie  Railway  at  that 
time  was  chiefly  equipped  with  wooden  bridges;  the  few  which  were 
of  iron  being  proportioned  for  much  lighter  loadings  than  those  of 
the  new  locomotives  which  it  was  intended  to  place  upon  the  line, 
and  Mr.  Morison  had  an  ample  field  for  his  tastes  and  talents  in 
reconstructing  and  strengthening  the  bridges.  He  soon  became 
the  Principal  Assistant  Engineer,  and  when  the  celebrated  Portage 
bridge  burned  down  in  1875,  he  designed  and  built  the  iron  struc- 
ture which  took  its  place,  in  six  weeks  from  the  date  of  conflagration. 

He  resigned  from  the  PLrie  Railway  in  November,  1 875,  to  become 
consulting  expert  on  railway  properties  for  Baring  Brothers  &  Co..» 
and  was  connected  with  them  for  10  years.  He  had  shown  such 
individuality  that  his  friends  thought  that  his  greatest  success  would 
be  as  a  railroad  director  and  manager,  and  he  served  as  director, 
(representing  the  Barings)  for  10  years  on  the  ICastern  R.  K.  of 
Massachusetts,  4  years  on  the  St.  Eouis,  Iron  Mountain  and  Southern 


George  Shatluck  Af orison.  85 

R.  R.,  8  years  on  the  Maine  Central  R.  R.  and  8  years  on  the  Ohio 
and  Mississippi  R.  R.,  the  latter  directorship  extending  to  1892. 

From  1875  to  1880  he  was  a  member  of  the  firm  of  Morison, 
Field  &  Co.,  bridge  contractors,  but  he  retired  in  order  to  give  all 
his  attention  to  professional  engineering.  He  at  once  took  a  prom- 
inent position  among  consulting  engineers  by  beginning  the  con- 
struction in  rapid  succession  of  that  long  list  of  bridges  over  the 
Missouri  and  Mississippi  and  other  important  rivers  which  have 
made  his  name  so  famous. 

To  bridge  the  Missouri  River  in  1880  was  still  a  great  under- 
taking and  had  few  precedents.  His  first  great  bridge  was  that  at 
Plattsmouth,  over  the  Missouri,  and  was  completed  in  1880.  It  is 
one  of  the  early  bridges  in  which  steel  was  used  to  a  considerable 
extent,  the  two  400-foot  spans  being  a  little  more  than  half  steel. 
The  description  given  by  Mr.  Morison  in  his  monograph  on  the 
Plattsmouth  bridge,  as  to  how  this  steel  was  made,  is  a  bit  of  inter- 
esting history  of  the  early  development  of  the  manufacture  of  the 
present  structural  steel. 

Before  the  Plattsmouth  bridge  was  opened  for  traffic,  Mr.  Mori- 
son had  let  the  contracts  for  the  construction  of  another  bridge 
over  the  Missouri  at  Bismarck,  North  Dakota.  This  was  completed 
in  October,  1882. 

The  pneumatic  foundations  in  these  two  bridges  had  been  sunk 
under  contracts  by  people  more  or  less  familiar  with  such  work. 
When,  however,  the  bridge  at  Blair,  also  over  the  Missouri,  was  be- 
gun in  1872,  Mr.  Morison  decided  to  do  the  pneumatic  work  him- 
self by  day  work  under  experienced  foremen,  as  thereby  he  could 
control  the  work  better,  use  such  safety  appliances  as  were  not  likely 
to  be  used  by  the  contractors,  and  he  hoped  to  achieve  some  con- 
siderable economy.  The  work  at  Blair  proved  so  successful  that 
he  adopted  this  plan  at  nearly  all  subsequent  bridges  where  pneumatic 
foundations  were  required.  These  came  in  such  succession  that  he 
was  able  to  transfer  the  pneumatic  plant  from  one  to  the  other,  and 
eventually  a  very  fine  pneumatic  plant  was  developed  at  a  compara- 
tively small  cost  to  any  one  bridge.  The  Blair  bridge  was  opened 
for  traffic  in  1883,  but  the  problem  there  was  by  no  means  solved. 
All  Missouri  River  bridges  require  more  or  less  shore  protection, 
but  at  none  was  the  channel  so  fickle  as  at  Blair,  and  for  several 
years  great  sums  of  money  were  expended  under  Mr.  Morison's 
direction  for  controlling  the  river,  with  ultimate  complete  success. 

The  old  bridge  at  Omaha  being  overcrowded  with  business  and 
rather  light,  Mr.  Morison  was  called  upon  to  rebuild  it  as  a  double 
track  structure.  The  new  bridge  is  essentially  new  throughout,  a 
few  of  the  old  piers  only  being  used  for  supporting  the  approach 
spans.     This  bridge  was  practically  completed  in  June,  1888,  though 


SG  iieor^'c  Shut  tuck  Morison. 

it  was  not  used  as  a  double  track  structure  till  October  of  that  year. 
Before  beginning  the  Omaha  bridge,  Mr.  Morison  had  made  in- 
vestigations for  and  actually  begun  work  on  another  Missouri  River 
bridge  at  Rulo,  Nebraska.  Work  on  this  was,  however,  suspended 
for  a  time  and  the  bridge  was  not  opened  for  traffic  till  September, 
1887. 

While  these  bridges  were  building,  Mr  Morison  constructed  the 
following  on  the  Pacific  Slope  :  Over  the  Snake  River  at  Ainsworth, 
Washington,  in  1883  ;  and  over  Clark's  Fork  of  the  Columbia,  near 
Belknap,  Montana,  in  1884. 

Up  to  this  time  the  superstructure  of  Mr.  Morison's  great 
bridges  had  been  made  partly  of  iron  and  partly  of  steel,  the  floor, 
intermediate  posts  and  laterals  being  of  iron,  the  remainder  of 
steel.  In  his  next  Missouri  River  bridge,  completed  in  November, 
1888,  at  Sioux  City,  iron  was  used  only  in  members  requiring  weld- 
ing; all  the  rest  of  the  superstructure  was  of  steel,  either  Open 
Hearth  or  Bessemer.  All  of  Mr.  Morison's  subsequent  bridges 
of  large  size  were  built  practically  entirely  of  steel. 

In  1887  he  formed  a  partnership  with  Mr.  E.  L.  Corthell  under 
the  firm  name  of  Morison  &  Corthell.  This  partnership  continued 
from  May  ist,  1887,  to  May  ist,  1889.  The  Sioux  City  and  Ne- 
braska City  bridges  across  the  Missouri,  the  Cairo  bridge  across 
the  Ohio,  the  Jacksonville  bridge  across  the  St.  John's  in  Florida, 
the  bridge  over  the  Willamette  at  Portland,  Oregon,  the  bridge  over 
the  Snake  River  at  Riparia,  Washington,  and  the  Bismarck  water 
works  were  built  under  their  special  direction,  and  the  plans  were 
prepared  for  the  Merchants'  bridge  at  St.  Louis,  over  the  Mississippi. 
The  Cairo  bridge  was  at  that  time  the  longest  metal  bridge  in  the 
world,  the  metal  work  being  exactly  two  miles  long. 

Before  the  Cairo  bridge  was  completed  Mr.  Morison  began  the 
great  bridge  at  Memphis,  Tennessee.  It  is  his  greatest  bridge 
work,  is  nearest  to  the  mouth  of  the  Mississippi,  and  when  completed 
had  the  longest  truss  span  in  the  United  States,  and  was  practically 
second  only  to  the  great  structure  over  the  Firth  of  Forth,  although 
its  longest  span  was  a  little  shorter  than  a  span  in  the  Landsdowne 
bridge  in  India.  The  pneumatic  foundations  of  the  Memphis 
bridge  were  really  its  controlling  features,  as  they  were  in  unusually 
deep  water  (about  40  feet),  and  were  sunk  to  the  extraordinary  depth 
of  108  feet  below  water. 

The  superstructure  presented  many  novel  problems,  not  the  least 
of  which  was  the  character  of  the  material  of  which  it  was  com- 
posed. On  a  structure  of  such  importance,  it  was  worth  while  to 
exercise  special  care  in  making  the  steel  and  many  conferences 
were  held  with  the  steel  manufacturers,  and  a  specification  resulted 
which  permitted  the  use  of  Open  I  loarth  or  Bessemer  steel.     After 
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several  hundred  tons  of  the  latter  had  been  rolled  and  it  was  found 
extremely  difificult  to  meet  the  requirements,  the  use  of  Bessemer 
steel  was  abandoned,  with  the  advice  and  consent  of  the  manufac- 
turers ;  that  already  rolled  was  sold  for  other  uses,  and  Open 
Hearth  steel,  either  acid  or  basic,  was  used  exclusively.  Basic  steel 
was  then  in  its  infancy  and  had  much  prejudice  against  it.  The 
specifications  finally  developed  on  the  Memphis  bridge  have  been 
essentially  the  basis  of  all  modern  bridge  specifications  throughout 
the  United  States.  The  Memphis  bridge  was  successfully  com- 
pleted and  opened  for  trafftc  with  great  ceremony  on  May  i  2th,  1892. 
While  the  Memphis  bridge  was  being  built,  Mr.  Morison  built  a 
bridge  over  the  Mississippi  at  Winona,  Minn.  ( 1891),  and  at  Burling- 
ton, Iowa,  he  replaced  the  original  single  track  bridge  by  a  double 
track  structure  (1891).  These  were  followed  by  a  bridge  over  the 
Missouri  at  Leavenworth,  Kansas,  one  over  the  same  river  at  Belle- 
fontaine  Bluffs,  Mo.  (1892-3),  and  one  over  the  Mississippi  at  Alton, 
111.  (1892-3).  He  rebuilt  the  bridge  across  the  Missouri  at  Atch- 
ison, Mo.  (1898).  This  completes  the  list  of  his  great  bridges,  of 
which  ten  crossed  the  Missouri,  five  the  Mississippi,  and  one  the 
Ohio.  His  principal  bridges  are  described  in  a  series  of  admirable 
published  monographs.  In  addition  to  these  large  bridges,  he 
built  many  smaller  bridge  and  viaduct  structures  in  every  part  of 
the  United  States.  In  the  early  90's  he  made  an  examination  and 
report  on  a  bridge  over  the  Detroit  River,  at  Detroit,  and  was  again 
engaged  on  this  problem  at  the  time  of  his  death. 

In  1889  he  made  an  exhaustive  report  on  the  Atchison,  Topeka 
and  Santa  Yq  Railroad,  and  in  the  next  few  years  reported  on  sev- 
eral other  railroad  projects  of  lesser  magnitude. 

He  competed  with  others  in  prize  designs  for  two  bridges  near 
Washington  and  was  awarded  a  prize  in  each  case. 

Mr.  Morison  served  on  several  Government  Engineering  Boards, 
viz.:  The  Board  of  Engineers  upon  the  New  York  and  New  Jersey 
Bridge  ( 1 894) ;  the  Board  to  locate  a  deep  water  harbor  in  Southern 
California  (1897);  a  Board  to  report  on  the  betterment  of  the 
water  front  of  New  York  City  (1895- 1897);  a  Board  to  advise  the 
State  Engineer  and  Surveyor  of  the  State  of  New  York  in  regard 
to  the  plans  and  estimates  for  the  so-called  barge  canal  ( 1 900-1 901  ); 
and  the  Isthmian  Canal  Commission  ( 1 899- 1 903).  After  his  work  on 
the  New  York  and  New  Jersey  Bridge  Board,  Mr.  Morison  prepared 
a  paper  entitled  "  Suspension  Bridges — A  Study,"  printed  in  the 
Transactions  of  the  American  Society  of  Civil  Engineers,  XXXVI, 
359,  which  summarizes  that  work  and  presents  some  novel  details. 
His  work  on  the  Isthmian  Canal  Commission  may  be  justly  con- 
sidered as  of  national  importance,  and  was  one  of  the  strongest  in- 
fluences to  turn  the  current  of  favor  from  the  Nicaragua  route 
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which  had  previously  been  most  strongly  advocated  in  the  United 
States,  to  the  route  across  the  Isthmus  of  Panama.  Mis  labors 
to  this  end  were  incessant  and  his  work  as  a  member  of  the  Com- 
mission was  supplemented  by  a  series  of  lectures  of  a  more  popular 
character,  which  attracted  wide  attention  and  had  great  influence 
in  shaping  public  opinion. 

Such  is  briefly  his  more  important  work.  That  such  work  re- 
quired a  master  mind  goes  without  saying,  and  when  it  is  consid- 
ered that  Mr.  Morison  had  no  special  technical  training  in  engi- 
neering, but  entered  the  field  when  he  was  nearly  25  years  old,  it 
is  indeed  marvelous.  Nature  endowed  him  with  a  strong  intellect 
and  a  strong  will  and  he  made  the  most  of  them.  The  whole  grand 
success  may  be  summed  up  in  the  word  "work."  He  had  no  influ- 
ential friends  to  help  him,  whom  he  did  not  make  himself  by  his  in- 
domitable energy  and  proven  ability.  He  studied  his  w^ork  care- 
fully and  thoroughly,  and  the  minutest  detail  was  not  too  small  to 
be  worked  out  with  the  greatest  consideration  before  it  was  execu- 
ted. One  of  his  rules  was,  that  if  he  had  five  minutes  in  which  to 
do  a  thing,  he  would  take  three  if  necessary  to  think  it  out,  and  do 
it  in  the  other  two. 

In  his  work  he  was  original  and  not  merely  an  imitator  or  de- 
veloper of  existing  ideas.  He  sought  to  make  the  best  possible 
solution  of  a  problem,  and  not  necessarily  a  solution  which  had  been 
shown  to  be  a  success  under  similar  circumstances.  He  sought 
and  had  a  reason  for  everything  and  had  the  courage  to  act  accord- 
ing to  his  reason.  He  did  not  however,  carry  his  originality  to 
extremes.  Every  previous  example  bearing  on  a  case  was  carefully 
studied,  and  if  he  found  that  some  existing  idea  suited  his  purpose 
better  than  any  other,  he  did  not  hesitate  to  make  use  of  it  and 
properly  gave  credit  where  it  was  due. 

Nor  did  he  fail  to  consider  the  commercial  practicability  of  his 
designs.  His  work  was  no  doubt  of  the  very  highest  order  of  his 
time,  but  he  did  not  make  it  of  such  extreme  character  that  it 
could  not  be  practically  attained.  It  was  always  a  little  better  than 
had  been  done  before,  but  never  out  of  reach,  and  thus  he  led  in  the 
development  of  bridge-building,  the  better  standards  of  to-day  being 
about  up  to  his  requirements  of  a  decade  ago. 

While  Mr.  Morison  always  studied  out  and  knew  every  detail  of 
his  work  himself,  he  was  careful  to  surround  himself  with  a  compe- 
tent, faithful  and  conscientious  staff.  An  indefatigable  seeker  after 
truth  and  the  best  obtainable  himself,  he  expected  his  staff  to  be 
no  less  energetic,  accurate  and  conscientious  in  their  work  than  he, 
and  an  indolent  or  slovenly  worker  did  not  remain  long  in  his  service. 

After  leaving  Detroit  in  1873,  Mr  Morison  resided  in  New  York 
City  for  fourteen  years,  then  in  Chicago  until  1896,  when  he  re- 
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turned  to  New  York.  He  was  a  great  traveler,  his  work  calling 
him  to  all  parts  of  the  United  States,  the  Isthmus,  and  Europe. 
His  business  travels  were  supplemented  by  a  trip  around  the  world, 
as  well  as  smaller  ones  to  Europe  and  to  our  Southern  neighbors. 
He  was  an  accurate  and  minute  observer  and  this,  together  with 
his  studious  habits  and  early  education,  gave. him  a  wonderful  and 
very  extended  fund  of  knowledge,  which  made  him  an  entertaining 
conversationalist  and  a  scholarly,  concise  writer.  In  engineering 
matters,  he  was  a  writer  of  note  and  convered  a  variety  of  subjects 
in  a  masterly  way,  mostly  in  the  form  of  reports  upon  his  works 
and  papers  before  the  engineering  societies.  He  also  found  time 
to  deliver  numerous  lectures  before  professional  societies  and  col- 
leges, on  subjects  allied  to  his  work. 

He  is  the  only  engineer  ever  asked  to  deliver  the  Phi  Beta 
Kappa  oration  at  Harvard,  which  he  did  in  1896  with  marked  suc- 
cess. The  substance  of  this  address,  and  of  several  others  bearing 
on  the  same  subject,  has  been  published  since  his  death  under  the 
title  of  "  The  New  Epoch  as  Developed  in  the  Manufacture  of 
Power,"  in  which  the  important  influence  of  the  profession  of  engi- 
neering upon  the  civilization  and  industry  of  the  world  is  portrayed 
by  a  master  hand.  Besides  his  professional  work  as  an  engineer, 
he  interested  himself  in  many  other  matters  of  public  interest. 

He  was  for  fifteen  years  a  Trustee  of  the  Phillips  Exeter  Acad- 
emy and  five  years  President  of  the  Board,  resigning  as  such  in  June, 
1903.  To  testify  to  his  belief,  as  a  man  of  science,  in  the  value  of 
classical  study,  he  began  the  endowment  there  of  the  Morison 
Professorship  of  Latin. 

He  planned  and  directed,  as  Chairman  of  the  Building  Commit- 
tee, the  construction  of  Soule  Hall — a  dormitory — and  planned  the 
interior  arrangement  of  Peabody  Hall — a  second  dormitory.  A 
third,  Hoyt  Hall,  was  designed  and  built  entirely  by  Mr.  Morison. 
He  shared  equally  with  Professor  Wentworth  the  cost  of  this  build- 
ing, the  amount  of  mOney  he  put  into  it  being  considered  a  part  of 
the  endowment  of  the  Morison  Professorship  in  Latin.  These 
three  building  are  the  most  serviceable  buildings  of  the  Academy. 
Mr.  Morison  was  also  a  member  of  the  Building  Committee  in 
charge  of  the  construction  of  the  beautiful  Alumni  Hall  recently 
completed.  It  was  designed  under  his  direction  by  Architect 
Casey,  of  New  York. 

Mr.  Morison  was  a  member  of  the  Finance  Committee  through- 
out the  greater  part  of  his  trusteeship  of  fifteen  years — and  its 
Chairman  many  years.  Many  of  the  funds  were  reinvested  under 
his  direction,  and  the  Academy  received  the  benefit  of  his  services 
in  many  ways  not  commonly  known. 
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He  left  his  mark  on  every  side  of  the  Academy  life.  He  loved 
the  school  and  gave  much  of  his  thought  to  its  betterment. 

The  Academy  had  the  benefit  of  his  ability  not  only  in  its  build- 
mgs,  but  in  its  funds  and  every  part  of  its  life  which  needed  his  aid 
and  encouragement. 

Mr.  Morison  became  a  member  of  the  Western  Society  of  Engi- 
neers in  1879  and  served  as  a  Trustee  in  1893,  1894  and  1895. 
He  was  a  member  of  the  American  Society  of  Civil  Engineers  and 
was  its  President  in  1895.  He  was  also  a  member  of  the  American 
Institute  of  Mining  Engineers,  of  the  American  Society  of  Mechan- 
ical Engineers,  of  the  Institution  of  Civil  Engineers  (London),  and 
of  the  Mexican  Society  of  Engineers  and  Architects.  He  was  an 
Associate  Eellow  of  the  American  Academy  of  Arts  and  Sciences, 
and  a  Eellow  of  the  American  Academy  for  the  Advancement  of 
Science.  He  was  a  member  of  the  Union,  University,  Engineers', 
and  Downtown  Clubs,  of  New  York,  of  the  Union  Club,  of  Boston, 
and  the  Chicago  Club,  of  Chicago. 

With  all  his  varied  interests  he  found  time  to  aid  others  in  a  quiet 
way,  by  suggestions,  advice  and  financially  if  the  case  warranted  it. 

Notwithstanding  the  vast  amount  of  work  he  had  accomplished 
there  was  a  greater  future  before  him,  and  we  may  well  mourn  the 
loss  of  a  man  so  useful  to  the  whole  world  as  was  Mr.  ]\Iorison. 
After  an  illness  of  some  weeks,  he  died  in  New  York  on  the  ist  of 
July,  1903. 
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L.   F.  G.  Bouscaren,  Vice-Chairman.  Joseph  M.  Knap.  Treasurer. 
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Fev.ruary  ir,  1904. 

To  the  President  and  Secretary,  Western  Society  of  liiigitteers, 
IJ34  Monadiiock  Block,  Chicago.  III. 
Dear  Sirs: — I  am  directed  by  the  Committee  in  cliarge  to  extend  a  cordial 
invitation  to  the  Members  of  the  Western  Society  of  Engineers  to  participate 
in  an  International  Engineering  Congress  to  be  held,  under  the  auspices  of  the 
American  Society  of  Civil  Engineers,  at  the  Universal  E.xposition  at  St.  Louis, 
Missouri,  U.  S.  A.,  Oct.  3d  to  8th,  1904,  the  plan  and  scope  of  which  are  set  forth  in 
some  detail  in  the  enclosed  circular  of  "Preliminary  Announcement." 

The  Committee  hopes  that  the  members  of  your  organization  will,  quite  generally, 
become  members  of  the  Congress,  and  participate  in  its  proceedings  either  in  person, 
or  by  written  communications  forwarded  to  the  undersigned,  on  any  of  the  subjects 
which  have  been  chosen  for  consideration. 

Yours  respectfully, 

Chas.  Warren  Hunt, 
Secretary. 

UNIVERSAL  EXPOSITION,  ST.  LOUIS,  1904.     INTERNATIONAL  ENGINEERING 

CONGRESS. 

PRELIMINARY  ANNOUNCEMENT. 

(February  /,  igo-f. ) 

An  International  Engineering  Congress,  under  the  auspices  of  the  American  So- 
ciety of  Civil  Engineers,  will  be  held  at  the  Universal  Exposition,  Saint  Louis,  Mis- 
souri, U.  S.  A.,  during  the  week  October  3d  to  8th,  1904. 

The  Congress  will  be  one  of  a  series  of  International  Scientific  Congresses  to  be 
held  at  the  Exposition  under  the  general  authority  and  with  the  co-operation  of  the 
Director  of  Congresses. 

The  development  of  Engineering  Science  during  the  past  decade  has  been  so 
rapid  and  has  extended  over  so  wide  a  field  that  the  Universal  Exposition  at  Saint 
Louis  seems  to  be  a  fitting  time  at  which  to  review  the  work  of  the  past  and  obtain 
an  authoritative  epitome  of  present  practice. 

The  object  of  the  Congress  is  to  secure  a  thorough  international  consideration 
of  certain  branches  of  Engineering  work  which  have  been  selected  with  special  refer- 
ence to  their  present  interest  and  importance. 

In  order  to  facilitate  the  work  of  the  Congress  and  to  insure  the  presentation  of 
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topics  in  a  systematic  manner,  the  Committee  has  prepared  the  subjoined  list  of  the 
subjects  which  has  been  selected  for  review  and  discussion. 

It  is  to  be  understood  that  the  lists  of  subjects  proposed  is  somewhat  tentative, 
and  may  be  modified  as  the  details  of  the  programme  are  prefected. 

As  a  basis  for  discussion  at  the  sessions  of  the  Congress,  the  Committee  has  in- 
vited engineers  specially  qualified  in  each  of  the  various  branches  covered  by  the  fore- 
going list,  to  prepare  a  review  of  the  development  during  the  past  ten  years  in  that 
branch  in  the  United  States,  together  with  a  summary  of  present  practice.  Engineers 
in  other  countries,  experienced  in  these  various  lines,  will  be  specially  invited  to  pre- 
pare similar  papers  presenting  a  review  and  summary  of  practice  in  their  respective 
countries. 

It  is  proposed  to  print  these  papers  in  advance,  in  order  that  a  full  discussion  at 
the  various  sessions  may  be  elicited  without  giving  up  any  time  to  the  reading  of  pa- 
pers at  the  Congress. 

All  engineers  in  the  United  States  and  in  all  other  countries  are  invited  to  be- 
come members  of  the  Congress,  to  attend  the  sessions,  and  to  take  part  in  the  dis- 
cussions; or  if  unable  to  attend,  to  forward  written  communications  on  any  of  the 
selected  subjects.  It  is  not  expected  that  delegates  will  be  formally  appointed,  it  be- 
ing intended  that  an  opportunity  to  attend  shall  be  afforded  to  any  who  may  wish  to 
become  members  of  the  Congress. 

The  papers,  together  with  the  discussions  upon  them,  will  be  collated  and  pub- 
lished in  one  two  or  volumes  by  the  American  Society  of  Civil  Engineers. 

The  membership  fee  in  the  Congress  will  be  $5  00,*  which  will  entitle  the  mem- 
ber to  participate  in  the  Congress  and  to  receive  a  copy  of  the  published  proceedings. 

Membership  may  be  secured  by  forwarding  this  fee  with  name  and  address,  to 
the  Secretary  of  the  Committee,  Charles  Warren  Hunt,  220  West  57th  St.,  New  York 
City,  who  will  issue  a  receipt  therefor.  Each  member  will  receive  all  notices,  pro- 
grammes, etc.,  issued  in  advance  of  the  Congress. 

*  Members  of  the  .\merican  Society  of  Civil  Engineers  will  not  be  required  to  pay  this  fee. 
LIST  OF  SUBJECTS: 


10. 
II. 

12. 
13- 

14. 

15- 
16. 


Harbors. 

Natural  Waterways. 

Artificial  Watenvays. 

Lighthouses  and  other  Aids  to  Navi- 
gation. 

Traffic  on  Improved  Waterways  as 
Compared  with  Seaboard  Traffic, 
and  the  Effect  of  this  Develop- 
ment on  Railroad  Traffic. 

Purification  of  Water: 

a.  For  Domestic  Use ; 

b.  For  the  Production  of  Steam. 
Turbines  and  Water  Wheels. 
Irrigation. 

Railroad  Terminals : 

a.   At  Ports; 

h.  Inland. 
Underground  Railways. 
Locomotives     and     Other     Rolling 

Stock. 
Live  Loads  for  Railroad  Bridges. 
The  Substitution  of  Electricity  for 

Steam  as  a  Motive  Power. 
Sewage  Disposal. 
Disposal  of  Municipal  Refuse. 
Ventilation  of  Tunnels. 


17- 

18. 

19. 
20. 
21. 

23- 
24 

25- 
26. 


33- 


Highway  Construction. 

Concrete   and  Concrete-Steel    Con- 
struction. 

Deep  Foundations. 

The  Manufacture  of  Steel. 

Tests  of  Materials  of  Construction. 

Passenger  Elevators. 

Pumping  Machinery. 

Dredges :    Their  Construction    and 
Performance. 

Steam  Turbines. 

Electrical  Power: 

a.  Generating  Stations ; 
/'.  Transmission. 

Naval  Architecture. 

Marine  Engineering. 

Dry  Docks. 

Ordnance. 

Fortifications. 

Mining  Engineering. 

(Sub-Divisions  under  this  heading 
not  yet  determined.) 

Engineering  Education. 

(Sub  Divisions  under  this  heading 
not  yet  determined.) 


ANNUAL  MEETING. 
Jan.  5,  1904. 

The  34th  annual  meeting  of  the  Society  (No.  512)  was  held  in  the  rooms  of  the 
Society,  1734-41  Monadnock  Block,  January  5,  1904.  The  customary  annual  ban- 
quet of  the  Society,  to  have  been  held  on  this  evening,  was  dispensed  with  on  account 
of  the  recent  disaster  at  the  Iroquois  theater. 

The  meeting  was  called  to  order  by  President  Modjeski  at  about  8:30  p.  m.,  with 
about  65  members  and  guests  present. 

The  Secretary  read  the  Minutes  of  the  regular  meeting  of  December  2,  and  the 
extra  meeting  of  December  16,  1903,  which  were  approved. 

The  Secretary  announced,  on  behalf  of  the  Board  of  Direction,  that  at  their 
meeting  held  January-  2,  1904,  the  following  applicants  were  elected  to  membership 
in  the  Society : 

Arthur  S.  Robinson,  Elkhart,  Ind.,  Active. 

Carl  J.  Rhodin,  Thebes,  111.,  Active. 

Also  that  the  following  new  applications  had  been  received : 

John  P.  H.  Perry,  Piano,  111.,  Junior. 

Isaac  F.  Stem,  Chicago,  Active. 

John  N.  J.  Hilbert,  Chicago,  Active. 

Walter  Scott  Marston,  St.  Louis,  Mo.,  Junior. 

Benjamin  E.  Gage,  Chicago,  Junior. 

Arthur  B.  Crozier,  Chicago,  Active. 

Frank  C.  Kettler,  Chicago,  Junior. 

Chas.  W.  Shepherd,  Chicago,  Junior. 

Harvey  H.  Cosley,  Chicago,  Junior. 

R.  M.  Hosea,  Denver,  Colo.,  Active. 

James  Harvey  Sawyer,  Chicago,  Active. 

Edward  C.  Slocumb,  Chicago,  Junior. 

Walter  F.  Reichardt,  Little  Rock,  Ark.,  Junior. 

On  motion  of  Mr.  Finley,  this  report  from  the  Board  of  Direction  was  accepted 

The  Secretary  read  the  report  of  the  Judges  of  the  Election  for  ofticers  of  the  W. 
S   E.  for  1 904,  as  follows : 

Janu.\ry  5,  1904. 
To  the  Western  Society  of  Engineers : 

The  undersigned  Judges  of  Election,  having  canvassed  the  ballots  cast  for  the 
officers  of  this  Society  for  1904,  have  the  honor  to  report  as  follows: 

Total  number  of  ballots  received   323 

Total  number  of  ballots  rejected  as  irregular 9 

Total  number  of  ballots  counted    .      314 

Number  of  votes  cast  for  President  : 

H.  W.  Parkhurst 302 

Number  of  votes  cast  for  First  Vice  President : 

C.  W.  Hotchkiss 294 

Number  of  votes  cast  for  Second  Vice  President : 

W.L.Abbott 124 

W.  C.  Armstrong 77 

E.  B.  Ellicott 68 

C.F.Foster 36 

Number  of  votes  cast  for  Third  Vice  President : 

W.  D.  Pence 162 

A.  N.  Talbot 132 

Number  of  votes  cast  for  Treasurer: 

Andrews  Allen 285 
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Number  of  votes  cast  for  Trustee  for  three  years: 

T.  VV    Snow  127 

E.  E.  R.  Tratman. .    73 

A.  Reichmann 66 

E.  R.  Shnable 39 

Respectfully  submitted, 

P.  Jones, 
Jesse  I>owe, 
G.  P.  Nichols, 

Judges  of  Election. 

The  Secretary  then  announced  that  the  ofificers  of  the  W.  S.  E.  for  the  year  1904 
were  as  follows :  * 

President — II.  W.  Parkhurst. 
First  Vice  President— C.  W.  Hotchkiss. 
Second  Vice  President — W.  L.  Abbott. 
Third  Vice  I'resident — W.  D.  Pence. 
Treasurer — Andrews  Allen. 
Trustee  for  three  years — T.  W.  Snow. 
Mr.  Modjeski  presented  the  following  address  as  Retiring  President : 


ADDRESS  OF  RETIRING  PRESIDENT,  MR.  RALPH  MODJESKI, 
JANUARY  5,  1904. 

The  reports  of  the  past  year  of  the  Secretary  and  various  committees  will  be 
published  in  the  Journal.  I  will  therefore  mention  in  outline  only  the  standing  of 
our  Society.  We  have  now  704  members,  a  gain  of  66  over  last  year.  Our  accounts 
show  our  total  net  resources  to  be  ^9,105  or  a  gain  over  last  year  of  :?6S7.02. 

The  Library  has  been  increased  by  a  number  of  donations  and  a  large  number 
of  purchased  text  books.  We  were  in  great  need  of  such  te.xt  books  and  I  am  glad 
to  say  that  this  deficiency  is  now  being  corrected  to  a  large  extent.  It  would  be  of 
great  assistance  to  the  Library  Committee  if  members  failing  to  find  a  certain  book 
in  the  Library  would  report  the  fact  to  the  Secretary. 

Two  things  are  necessary  to  the  success  of  an  Engineering  Society,  a  large  num- 
ber and  high  character  of  membership,  and  valuable  publications  through  its  Joi'R- 
N.-\L.  It  is  only  through  individual  efforts  of  the  members  that  we  may  raise  our 
standard  to  that  of  our  National  Societies.  You  are  urged  to  contribute  good  papers, 
without  sparing  efforts  just  because  this  is  not  a  National  Society,  and  you  are  urged 
to  induce  good  engineers  to  join. 

It  may  not  be  out  of  place  for  me  to  say  here  that  the  Society's  present  good 
standing  is  largely  due  to  the  good  work  done  during  the  past  year  by  the  standing 
committees  and  especially  to  the  untiring  efforts  of  our  Secretary,  Mr.  Warder. 

Generally  tlie  annual  address  of  the  President  of  a  Society  of  Engineers  is  ex- 
pected to  say  something  about  the  engineering  progress  during  the  past  year.  I  shall 
not  attempt  this  as  I  am  sure  you  have  no  desire  to  praise  your  own  achievements, 
but  I  do  wish  to  say  a  few  words  about  what  might  be  accomplished  in  the  near  future. 
We  are  a  locnl  society,  a  society  which  is  proud  of  calling  Chicago  its  headquarters, 
though  we  have  members  even  as  far  as  the  Philippine  Islands.  Let  us  then  turn  to  our 
own  city  of  Chicago.  Many  are  the  improvements  that  the  professional  engineer  is 
expected  to  bring  about,  the  problems  that  he  is  expected  to  solve.  I  can  only  touch 
upon  the  few  most  important  ones.  Improvements  of  sanitary  conditions  are  among 
the  foremost.  Much  has  been  done  in  this  line  in  Chicago,  but  much  remains  to  be 
done.  We  need  purer  water,  better  drainage  of  streets,  cleaner  streets  and  alleys. 
This  all  takes  time  but  should  be  accomplished  in  time. 

Transportation  lines  have  often  been  compared  with  the  arteries  of  a  living  body, 
the  freer  the  circulation  the  healthier  the  body.  Much  remains  to  be  done  in  our  city 
in  this  direction.  It  may  not  be  long  before  we  see  a  large  underground  system  of 
railways  in  Chicago.  And  no  doubt  the  Chicago  River  will  soon  be  widened,  deep- 
ened and  improved  in  a  manner  to  take  care  efficiently  of  its  enormous  commerce. 

The  city  beautiful  should  not  be  forgotten.  There  is  no  reason  why  Chicago 
should  not,  in  time,  be  one  of  the  beautiful  cities  of  the  world.      Like  other  in»prove- 
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ments  this  will  take  time,  but  the  professional  engineer  and  architect  must  work  to 
gether  to  that  end.  I  shall  not  enumerate  what  the  beautifying  of  the  city  should 
consist  of.  This  is  too  great  a  task  for  one  man  and  is  one  demanding  careful  delib- 
eration. 

Chicago  must  get  rid  of  the  smoke  nuisance.  So  far  its  only  hope  seems  to  be 
in  the  exhausting  of  bituminous  coal  fields. 

The  last  to  mention,  but  by  no  means  the  least  important,  are  the  improve- 
ments having  in  view  the  safety  of  the  public  in  theaters,  halls  and  other  buildings. 
Here  again  the  architect  and  the  engineer  should  work  together  to  one  common  end. 
The  problem  is  not  such  as  to  be  solved  satisfactorily  by  the  architect  alone,  or  by  the 
civil  engineer  alone,  or  by  the  mechanical  or  electrical  engineer  alone.  All  must  co- 
operate. I  hope  the  members  present  will  express  their  ideas  on  this  subject  which 
is  now  so  vividly  on  our  mind. 

But  before  we  take  up  the  discussion,  I  have  one  more,  and  a  very  pleasant  duty 
to  perform,  and  that  is  to  place  this  gavel  into  the  hands  of  our  president  elect,  Mr. 
Parkhurst. 

.A.t  the  conclusion  of  his  address,  Mr.  Modjeski  introduced  the  new  President  of 
the  Society  for  1904,  Mr.  Henry  W.  Parkhurst,  who  made  the  following  remarks  on 
taking  the  Chair: 

"  I  thank  you  for  the  honor  bestowed  upon  me,  and  trust  that  a  year  from  this 
time  we  may  show  as  good  a  result  in  the  condition  of  the  Society,  its  library,  publi- 
cations, etc.,  as  of  the  past  administration." 

President  Parkhurst  then  announced  that  the  subject  for  discussion  at  this  meet- 
ing was  the  recent  disaster  at  the  Iroquois  theater,  which  had  been  of  such  a  sadden- 
ening  and  depressing  character  that  the  Board  of  Direction  decided  it  was  best  to 
dispense  with  the  annual   dinner. 

To  open  up  the  discussion  the  Secretary  read  a  letter  from  Mr.  T.  T.  Johnston, 
M.  W.  S.  Y..,  which  is  printed  herewith: 

Chicago,  January  4th,  1904. 
Mr.  J.  H.  Warder.,  Secretary  Western  Society  of  Engineers  . 

Dear  Sir  —  I  regret  my  probable  inability  to  be  present  at  the  meeting  tomorrow- 
evening  when  the  recent  horrible  theater  fire  will  be  discussed. 

Any  resolutions  in  memory  of  the  poor  unfortunate  people  who  lost  their  lives  is 
highly  proper,  and  cannot  be  drawn  too  strongly.  Likewise  any  resolutions  of  con- 
dolence with  the  grieving  friends  of  the  lost  are  highly  commendable;  we  should  ex- 
tend to  them  our  deep  and  sincere  sympathy.  Any  resolution  expressing  the  sense 
of  the  Society  in  favor  of  framing  and  enforcing  good  laws  would  also  seem  to  be 
justified. 

It  is  my  opinion,  however,  that  any  resolutions  referring  to  the  physical  merits 
of,  or  to  the  responsibilities  for  the  fire  would  be  unwise  at  this  time.  The  influence 
of  this  catrastrophe  is  being  felt  over  the  whole  civilized  world ;  and  its  lesson,  which 
is  one  of  the  roughest  teachings  experience  has  given  the  world  in  recent  times,  is 
but  slowly  entering  our  comprehension.  Our  profession  will  be  asked  to  aid  in  inter- 
preting the  lesson,  and  already  some  of  our  own  members  are  being  called  upon  to 
act  in  such  capacity.  Moreover  the  question  at  hand  constitutes  a  complicated  mat- 
ter, and  will  require  much  study  to  properly  measure  its  many  sides.  In  view  of  these 
things  it  is  my  opinion  that  the  Society  will  give  evidence  of  more  fully  appreciating 
the  gravity  of  the  subject  by  a  dignified  silence  as  to  the  merits  of  it,  at  least  until 
some  time  later,  when  all  the  facts  may  be  at  hand.  Meantime  extend  every  sympa- 
thy to  the  afilicted  and  console  them  in  all  ways  that  we  can. 

Respectfully  submitted, 

Thos.  T.  Johnston. 

Discussion  followed  from  Messrs.  Bley,  Condron,  Hatch,  Finley,  Randolph,  Mod- 
jeski, Eldridge,  Hopkins,  W.  H.  Pearce,  J.  L.  Hall,  Andrews  Allen,  B.  B.  Carter  and 
Parkhurst. 

Mr.  Bley  made  a  motion  that  a  committee  of  three  members  be  appointed  to 
draw  up  resolutions  of  sympathy  for  those  who  suffered  loss  in  the  recent  Iroquois 
disaster,  to  be  appointed  by  the  Chair.  Phis  motion  was  carried,  and  the  Chair  ap- 
pointed Messrs.  Isham  Randolph,  Chairman,  John  Brunner  and  B.  E  Grant  on  that 
committee. 
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Mr.  Bleyalso  moved  that  a  committee  of  five  members  of  the  Society  be  appointed 
by  the  Chair  to  collect  and  preserve  such  evidence  as  it  may  find,  and  to  report  a 
summary  of  the  evidence  to  the  Society  at  some  future  date,  recommending  the  best 
means  of  preventing  a  repetition  of  the  disaster  at  the  Iroquois  Theater. 

Mr.  Pearce  offered  an  amendment  to  this  motion,  suggesting  that  the  number  on 
the  committee  be  made  20  insteatl  of  5.  Mr.  Hley  accepted  this  amendment  with  the 
exception  of  making  the  number  15  instead  of  20. 

The  motion  as  amended  was  then  put  before  the  house  and  was  lost. 

Mr.  Condron  announced  that  the  Society  were  the  guests  of  the  C,  B.  &  Q.  R.  R. 
on  a  trip  to  Piano  111.,  in  November,  and  moved  that  the  customary  thanks  of  the  Soci- 
ety be  extended  to  the  officials  of  that  railroad  for  courtesies  on  that  occasion.  This 
motion  was  unanimously  carried. 

The  meeting  adjourned  at  10:40  p.  m. 


ANNUAL  REPORTS. 


TREASURER.'S  REPORT  FOR  1903. 

To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago: 

Gentlemen:     I   respectfully  submit  herewith  a  statement  of   the  Treasurer's 
account  for  the  year  1903,  as  follows  : 


CASH    STATEMENT. 

January    ist,    1903,  Cash  (including  in  $2,000  certificates  of 

deposit) $2,100.64 

Investments 3000.00 

RECEIPTS. 

Dues 55,464.00 

Entrance  Fees 741 .00 

Subscriptions 300 .  25 

Advertisements 2,432.28 

Journal  Sales 209 .  44 

Interest. 149.36 

Journal ,        19  •  i^S 

Library.  67 .  25 

House  Expense 264 .05 

Stationery,  postage  and  exchange 2.35 

General   Printing 167  .  50 

Chanute  fund 50  00       9,867  23     >'  4.967 .  97 

E.XPENDITURES. 

Interest .  28 .  75 

Journal 3-863 .  78 

Library.            585 .  24 

House  Expense .  .    2,489 .  57 

Entertainment i  t;2.oo 

Stationery,  postage  and  exchange.      525.00 

General  Printing.    736.00 

Services 1,475.00 

Furniture  and  Fixtures 58  60 

Chanute  fund 40.00       9.953.94 

Cash  in  Bank  December  31,  1903 1,514.03 

Investments 3,500.00     $14,967.97 

Respectfully, 
(Signed)  Andrews  Ai.i.kn, 

Treasurer. 


Anmtal  Reports. 
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REPORT  OF  FINANCE  COMMITTEE, 

Chicago,  January  5,  1904. 
To  the  Board  of  Direction,  Western  Society  of  Engineers.,  Chicago : 

Gentlemen:  The  Finance  Committee  respectfully  submits  the  following  con- 
servative estimate  of  the  financial  condition  of  the  Western  Society  of  Engineers  De- 
cember 31,  1903: 

RESOURCES. 

Cash  on  hand  subject  to  check $1,504.03 

Cash  in  hands  of  Secretary 50.00 

Cash  in  transit  from  Entertainment  Committee 152.00 

1,706.03 

Dues  for  1903 ^260.00 

Subscriptions  to  Journal 30.00 

Advertising  in  Journal .  462.00 

Journal  sales 5.90 

Rent 15.00 

Journal  account,  cuts  sold       6.60       779-5'^ 

Investments $3,500.00 

Furniture  and  Fixtures'  Account 706.00 

Stock  of  Journals  (estimated) 7CO.00 

Books  in  Library  (estimated; 3,500.00    8,406.00   $10,891.53 

LIABILITIES. 

Bills  payable,  vouchers  for  December  bills 6S5.92 

Advance  payments  received  for: 

Dues   .  .        . 46.45 

Subscriptions  to  Journal 19.16        751-53 

Chanute  Medal  Fund 1,035.00 

Net  resources 9,105.00   $10,891.53 

(  H.  W.  Parkhurst, 
(Signed)  Finance  Committee,    -  Andrews  Allen, 

(  Geo.  a.  Damon. 


SECRETARY'S  REPORT. 


January  2,  1904. 


To  the  Board  of  Direction,  Western  Society  of  Engineers,  Chicago: 

Gentle.men: — The  growth  of  membership  in  the  Society  for  the  past  year  has 
been  healthy  and  steady,  though  not  remarkable  in  numbers.  A  table  presented 
herewith  shows  the  gains  and  losses  in  the  membership.  The  net  increase  for  the 
year  is  66,  and  the  total  membership  to  December  31,  1903,  is  704. 

There  have  been  seven  deaths  among  our  numbers,  as  follows: — of  which  Mr. 

Barrington  was  not  known  at  the  time  of  the  annual  report  a  year  ago: 
H.  E.   Stannird,  Member,  January  4,  1903. 
Carl   Binder,  Member,  February  4,  1903. 
H.  C.   Draper,  Member,  May  23,  1903, 
G.   S.  Morison,  Member,  July  i,  1903. 
William  A.  Bruce,  Junior,  July  25,  1903. 
Edward  Barrington    Member,  October  3,  1902. 
James  P    Mallette,  Member,  October  22,  1903. 
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The  membership  has  also  been  decreased  by  resignations  and  those  dropped  for 
cause  by  eleven  (i  i ).     All  as  indicated  in  the  table  herewith. 


1902. 

1903. 

Ga 

INS. 

Losses. 

CLASS. 

^ 

^ 

4J 

4j 

■a      "O 

c 
7?. 

Si 

0 

H 

■a 

,   c 

PS 

2 

,0 

I 

V 

u 

C 
B 

H 

X 

ii 

P 

Honorary     

I 

I 

I 

Active 

iI4 

214 

528 

39 

336 

1    43 

244 

5«o 
50 

56 
13 

8 

6 

6 

Associate 

34 

5 
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Juniors           

37 

33 

70 

1    49 

24 

73 

15 

7 

I 

4 

Totals 

386 

252 

638 

I429 

275 

704 

84 

8 

8 

7 

II 

There  have  been  25  called  meetings  during  the  year  1903,  including  the  Annual 
Meeting,  two  "  Ladies'  Nights,"  one  Smoker  with  informal  address,  and  a  joint  meet- 
ing with  the  American  Institute  of  Electrical  Engineers. 

The  list  is  as  follows  : 

Tuesday,  /aiitiary  6,  fgoj: 

The  33d  Annual  Meeting  (No.  487),  at  Victoria  Hotel,  with  report  of  election  of 
officers  for  1903.     Dinner  and  Adresses. 

Wednesday,  January  /j",  igoj : 

Extra  meeting  (No.  488),  Mr.  G.  N.  Linday,  M.  W.  S.  E.,  read  a  paper  on  "  Some 
Curious  Kinds  of  Lattice  Trusses." 

Mr.  T.  L.  Condron,  M.  W.  S.  E.,  presented  his  paper  on  "  Specifications  for  Ma- 
terial and  Workmanship  for  Steel  Structures." 

Wednesday,  February  4,  igoj  : 

Regular  meeting  (No.  489),  Mr.  V.  R.  Lansingh  addressed  the  Society  on  "Engi- 
neering of  Illumination." 

Wednesday,  February  iS,  igoj  : 

Extra  meeting  and  Smoker  (No.  490),  Mr.  Wiederhold,  of  Philadelphia,  gave  an 
informal  address  on  Asphalt  and  Bitumen,  and  the  use  of  the  same  for 
floors,  roofs,  etc. 

Wednesday,  Alarch  4,  igoj  : 

Regular  meeting  (No.  491),  Mr.  W.  B.  Jackson,  M.  W.  S.  E.,  presented  his  paper 
on  "  Hydraulic  Developments  as  related  to  Electrical  Installation." 

Wednesday,  March  18,  igoj  : 

Extra  meeting  (No.  492),  Mr.  E.  Gonzenbach,  M.  W.  S.  E.,  presented  his  paper 
on  "The  Third  Rail  for  High  Speed  Electric  Service." 

Tuesday,  Alarch  24,  igoj  : 

Extra  meeting  (No.  493),  held  jointly  with  the  Chicago  Branch  of  the  American 
Institute  of  Electrical  Engineers  in  Fullerton  Hall,  when  Mr.  B.  J.  Arnold, 
M.  W.  S.  E.,  addressed  the  company  on  "The  Chicago  Transportation 
Problem." 

Wednesday,  April  i,  /goj : 

Regular  meeting  iNo.  494),  Prof.  Chas.  S.  Slichter,  M.  W.  S.  E.,  addressed  the 
Society  on  "The  Measurement  of  Underflow  Streams  in  Southern  California." 

Wednesday,  Afiril  /j,  igoj  : 

Extra  meeting  (No.  495),  Mr.  Richard  McCulloch,  M.  W.  S.  E.,  read  his  paper, 
"  Notes  on  European  Tramways." 


1(0  .Innuul  Kf ports. 

IVeJtifSi/tiy,  April  ji),  igoj : 

Extra  meeting  (No.  496),  Mr.  Robert  C.  Smith,  M.  \V.  S.  E.,  read  his  paper  on 
"  Horings  for  the  Bohio  Dam,  Pamama." 

Satiiriiay,  May  2,  igoj  : 

Extra  meeting  (No.  497),  called  by  the  Entertainment  Committee  for  a  "  Ladies' 
Night,"  was  held  in  Kimball  Hall.  I'rof.  E.  E.  Spark.s  gave  an  illustrated 
lecture  on  "The  Beginnings  of  Chicago." 

IVetinesday,  May  6,  rgoj  : 

Regular  meeting  (No.  498),  Mr.  II.  J.  Slifer,  M.  \V.  S.  E.,  presented  his  paper  on 
"  Maintenance  of  Way." 

IVedfiesiiay,  May  20,  /goj  : 

Extra  meeting  (No.  499),  Mr.  W.  W.  Curtis  read  a  paper  on  "Timber  Treating 
Plants." 

IVedtiesi/ay,  June  j,  iQOj  : 

Regular  meeting  (No.  500),  Mr.  Willard  Beahan,  M  \V.  S.  E.,  presented  his  paper 
on  "  Railroad  Reconnaissance."  The  paper  by  Mr.  W.  C.  Bunnel,  Junior  M. 
W.  S.  E.,  on  "Topographical  Surveying,"  was  presented  by  title. 

Wednesday,  June  24,  igoj  : 

Extra  meeting  (No.  501*,  Mr.  Wilbur  Wright,  of  Dayton,  Ohio,  addressed  the 
Society  on  "  Experiments  and  Observations  on  Soaring  Flight." 

Wednesday,  September  2,  fgoj: 

Regular  meeting  No.  502),  the  paper  by  Mr.  L.  B.  Merriam,  M.  W.  S.  E.,  on  "The 
Development  of  a  new  Coal  Field  in  Colorado,"  was  read  by  the  Secretary. 

Wednesday,  September  16,  /goj : 

Extra  meeting  (No.  503),  Mr.  G.  H.  Kimball,  of  New  York,  presented  a  paper  on 
"  The  Tie  Problem ;  with  Special  Reference  to  Concrete  Ties." 

Wednesday,  September  jo,  /goj  : 

Extra  meeting  (No.  5041,  Mr.  T.  T.  Johnston,  M.  W.  S.  E.,  read  his  paper  on 
"  Hydro-electric  Power  Development  at  Joliet,  111." 

Wednesday,  October  7,  igo^  : 

Regular  meeting  (No.  505),  Prof.  A.  Marston,  M.  W.  S.  E.,  read  his  paper  on 
"Sewage  Disposal  in  Iowa." 

Satnrday,  October  ij,  igoj  : 

Called  meeting  (No.  506',  "  Ladies'  Night."  Mr.  W.  J.  Karner,  M.  W.  S.  E,.  gave 
an  illustrated  lecture,  "Across  the  North  Sea  to  Holland." 

Wednesday,  October  j/,  /goj  : 

Extra  meeting  (No.  507),  Mr.  G.  A.  M.  Liljencrantz,  M.  W.  S.  E.,  read  his  paper 
on   "The  Haskell  Self- Registering  Water  Gauge." 

Discussion  on  Mr.  T.  T.  Johnston's  paper,  "The  Hydro-Electric  Power  Develop- 
ment at  Joliet,'"  was  presented  by  Messrs.  Randolph,  Wisner,  Benezette 
Williams,  and  others. 

Wednesday,  Xoveviber  4,  ig  j  : 

Regular  meeting  (No.  508),  Piof.  Storm  Bull,  M.  W.  S.  E.,  read  his  paper  on 
"The  Use  of  Superheated  Steam." 

Wednesday,  A'ovember  iS,  /goj  : 

Extra  meeting  (No.  509),  Mr.  G.  F.  Culmer  read  his  paper  on  "  Asphalt  and  Allied 
Hydro-Carbons." 

14'ednesday,  December  2,  /goj  : 

Regular  meeting  (No.  510),  Mr.  A.  J.  Mason,  M.  W.  S.  E.,  addressed  the  Society 
on  "I'he  Movement  of  Iron  Ore  on  the  Great  Lakes." 
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Wednesday,  December  i6,  igoj  : 

Extra  meeting  (No.  51 1),  Mr.  W.  H.  Pearce,  M.  W.  S.  E.,  read  his  paper  on  "  Heat- 
ing from  a  Central  Station." 

Of  these  several  papers  and  addresses,  eighteen  (18)  have  been  printed  in  the 
JouR.N.VL  during  the  past  year. 

J.  H.  Warder,  Secretary. 

LIBRARIAN'S  REPORT. 

January  2,  1904. 
To  the  Library  Committee  of  the  Western  Society  of  Engineers,  Chicago: 

Gentlemen: — The  following  report  of  the  Library  of  the  Western  Society  of 
Engineers  is  respectfully  submitted: 

Total  number  of  books  accessioned  to  December  3r,  1903 4,766 

Total  number  of  books  accessioned  to  December  31,  1902 4.297 

Books  added  to  Library  during  1903, 469 

Of  these,  there  were  purchased  at  a  cost  of  $234.01 93 

Gifts  from  various  sources 205 

E.xchanges,  many  bound  by  W.  S.  E 171     469 

The  Society  has  also  received  between  400  and  500  pamphlets  on  various  sub- 
jects, many  of  which  have  been  filed  in  the  Library. 

There  has  been  no  notable  change  in  the  exchange  list,  which  remains  about  as 
last  year,  numbering  about  200. 

The  rooms  of  the  Society  were  all  thoroughly  cleaned  and  the  walls  were  freshly 
calcimined  during  the  midsummer  vacation,  the  books  being  all  taken  off  the  shelves 
and  wiped  off. 

A  change  was  made  in  ceiling  lights  in  the  Reading  Room  and  Secretary's 
Office.  Some  additional  shelving  was  put  up  in  the  Library,  and  additional  book- 
cases were  put  in  the  Reading  Room. 

These  improvements  cost  about  $58.60,  and  are  charged  to  "Furniture  and 
Fixtures  Account." 

The  total  charge  against  the  Library  for  1903  is  :S585.24,  divided  as  follows: 

Books,  including  binding $l-\ ■  22 

Services 1 81  .  56 

Sundries 79.46     585  24 


Very  respectfully  submitted, 

J.   H.   Warder,  Librarian. 


ABSTRACT  OF  MINUTES  OF  THE  SOCIETY. 

£J\:7'KA  MEETING,   January  so,    igo4. 

An  extra  meeting  of  the  Society  (No.  513)  was  held  in  the  rooms  of  the  Society, 
January  20,  1904. 

The  meeting  was  called  to  order  at  about  8.30  p.  m.  with  President  Parkhurst 
in  the  Chair  and  about  85  members  and  guests  present. 

Mr.  Oscar  Sanne,  M.  W.  S.  E.,  presented  his  paper  on  "Graphical  Calculation  of 
Flange  Stresses  in  Girders  and  Trusses,"  which  was  illustrated  by  lantern  slides. 

Mr.  Joseph  L.  Ferrell,  of  Philadelphia,  then  presented  his  paper  on  "The  Pres- 
ervation of  Wood  from  Fire  and  Decay."  This  paper  was  illustrated  with  a  number 
of  experiments,  showing  the  resistance  of  treated  wood  against  fire. 

The  paper  was  discussed  by  Messrs.  Wm.  Sooy  Smith,  B.  B.  Carter,  Finley, 
I.ayfield,  Lowe,  and  Ferrell. 

The  meeting  adjurned  about  10.30  p.  m. 

REGULAR  MEETISG,  February  3,  igo4. 

A  regular  meeting  of  the  Society  (No.  514),  was  held  in  its  rooms  in  the  Monad- 
nock  Block,  February  3d,  1904.     The  meeting  was  called  to  order  at  S:20  p.  m.  withj»^ 
President  Parkhurst  in  the  Chair  and  about  65  members  and  guests  present.  ^"^ 

The  Secretary  read  an  extract  from  the  Minutes  of  the  annual  meeting  held 
Janua.y  5th,  and  also  the  Minutes  of  the  extra  meeting  of  January  20th,  which  were 
accepted. 

The  Secretary  announced  that  at  a  meeting  of  the  Board  of  Direction  held  Feb- 
ruary 2d,  the  following  list  of  applicants  were  elected  into  membership  in  the  \V.  S.  E.: 

Joseph  E.  Bond,  Chicago,  Associate. 

Perr)'  L.  Hedrick,  Chicago,  Active. 

Stephen  A.  Wallace,  Chicago,  Junior. 

John  P.  H.  Perry,  Piano,  111.,  Junior. 

Isaac  F.  Stern,  Chicago,  Active. 

Walter  S.  Marston,  St,  Louis,  Mo.,  Junior. 

Benj.  E.  Gage,  Chicago,  Junior. 

Frank  C.  Kettler,  Chicago,  Junior. 

Chas.  W.  Shepherd,  Chicago,  Junior. 

Harvey  H.  Cosley,  Chicago,  Junior. 

Raphael  M.  Hosea,  Denver,  Colo.,  Active. 

Edward  C.  Slocumb,  Chicago,  Junior. 

Walter  F.  Reichardt,  Little  Rock,  Ark.,  Junior. 

Also  that  the  following  list  of  new  applications  had  been  received : 

Fred.  L.  Hartigan,  Chicago,  Active. 

Harry  M.  Trippe,  Chicago,  Active. 

George  Loughnane,  Mason  City,  Iowa,  Active. 

Harry  H.  Ross,  Cleveland,  Ohio,  from  Junior  to  Active. 

Carl  Weber,  Chicago,  Active. 

Oscar  J.  West,  Chicago,  Active. 

Emmons  Collins,  Chicago,  Active. 

Wm.  J.  Vanderkloot,  Chicago  Junior, 

M.  A.  Vanderkloot,  Chicago,  Associate. 

Harry  B.  Merriam,  Dubuque,  Iowa,  Active. 

Edward  A.  Renwick,  Chicago,  Active. 

Fred.  Norlin,  Chicago,  Active. 

W.  H.  Converse,  Chicago,  Active. 

Curtis  C.  Saner,  Chicago,  Junior. 

The  Secretary  announced  the  death  of  Mr.  Charles. E.  Ferreira,  an  active 
member  of  the  Society,  which  occured  on  January  25,   1904,  and  suggested  that  a 
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committee  be  appointed  to  prepare  a  Memorial  of  this  deceased  member,  as  well  as 
for  Mr.  J.  P.  Mallette,  whose  death  was  announced  some  time  ago. 

Mr.  Isham  Randolph  moved  that  the  Chair  appoint  committees  to  prepare 
Memorials  of  the  two  members  mentioned.     The  motion  was  carried. 

The  Secretary  announced  that  Mr.  Liljencrantz,  Chairman  of  the  Entertainment 
Committee,  would  like  to  meet  in  an  informal  way  as  many  of  the  members  as  were 
interested  and  could  find  it  convenient  to  come,  in  the  Society  rooms  next  Saturday 
afternoon,  February  6th,  for  the  purpose  of  discussing  entertainments  for  the  current 
year. 

The  following  Memorial,  prepared  by  Messrs.  Isham  Randolph,  John  Brunner 
and  B.  E.  Grant, — the  committee  appointed  by  the  President  W.  S.  E.  at  the  annual 
meeting  of  the  Society  held  January  5,  1904,  to  draw  up  resolutions  of  sympathy 
for  those  who  suffered  loss  in  the  Iroquois  disaster — was  read  by  the  Secretary: 

January  12,  1904. 

Whereas:  On  Wednesday,  December  30,  1903,  a  calamity  visited  Chicago, 
more  appalling  even  than  the  besom  of  destruction  which  swept  the  City  in  1S71 
more  appalling  because  in  the  midst  of  a  holiday  season,  when  hearts  were  attuned 
to  mirth,  when  the  joy  of  living  was  being  accentuated,  death  in  its  most  horrid  guise 
fell  upon  hundreds  of  innocent  merry  makers,  and  swept  to  one  common  doom  young 
men  and  maidens,  honored  and  honorable  age,  and  loved  and  lovely  infancy.  The 
pen  of  history  has  seldom  been  dipped  in  darker  hues  of  woe  than  those  which  record 
the  tragedy  of  the  Iroquois  Theatre.  When  the  glare  of  those  flames  was  quenched, 
the  light  of  nearly  600  lives  had  gone  out ;  a  city  was  in  tears,  a  land  in  mourning, 
and  a  sphere  thrilled  with  the  "touch  of  nature  which  makes  the  whole  world  kin." 
All  of  this  being  so,  it  is  fitting  that  an  organization  of  the  world's  workers,  such  as 
we  are,  should  place  upon  our  records  some  expression  of  the  feeling  of  our  members 
bom  of  this  great  calamity. 

Therefore,  be  it  resolved  that  we,  the  officers  and  members  of  the  Western 
Society  of  Engineers,  extend  to  all  of  those  stricken  and  bereaved  by  this  horrid 
disaster  our  profound  sympathy,  and  that  we  invoke  for  their  consolation  every  aid 
that  friendship  can  suggest,  or  a  merciful  providence  vouchsafe. 

And  further,  inasmuch  as  this  sorrow  has  touched  this  Society  through  members 
■who  have  been  called  to  mourn  their  loved  ones  lost,  be  it  resolved  that  we  do  hereby 
extend  to  those  of  our  members  who  have  thus  suffered  our  especial  and  fraternal 
sympathy. 

On  motion  of  Mr.  Fred.  Hill  this  resolution  was  unanimously  adopted  and 
ordered  spread  upon  the  Minutes  of  the  Society;  copies  to  be  transmitted  to  the 
papers. 

As  there  was  no  further  business  to  come  before  the  Society,  Prof.  Edmund 
Bulkley  was  introduced,  who  addressed  the  meeting  on  "The  Eastern  Question — the 
Russian  and  the  Japanese."  This  address  was  supplemented  with  many  pleasing 
lantern  slide  views. 

Prof.F.  B.  Badt  next  addressed  the  Society,  and  was  followed  by  the  English 
vice-consul.  Further  discussion  of  the  Eastern  Question  was  offered  by  Messrs. 
Gould,  Seafert,  and  Prof.  Ch6-Y6. 

The  meeting  adjurned  at  10:50  p.  m. 

EXTRA  MEETING,  February  17,  igo4. 

An  extra  meeting  of  the  Society  (No.  515)  was  held  in  the  Society  rooms,  Wed- 
nesday, February  17,  1904.  In  the  absence  from  the  city  of  President  Parkhurst  and 
First  Vice-President  Hotchkiss,  the  meeting  was  called  to  order  by  Second  Vice  Presi- 
dent Abbott,  at  8:30  p.  m.,  with  about  40  members  and  guests  present. 

Mr.  A.  Bement,  M.  W.  S.  E.,  presented  his  paper  on  "  Some  Performance  of 
Boilers  and  Chain  Grate  Stokers,  with  Suggestions  for  Improvements."  The  Secre- 
tary presented  a  written  discussion  from  Mr.  C.  H.  Hurd,  M.  W.  S.  E.,  of  Indianapolis. 
Further  discussion  was  offered  by  Messrs.  W.  L.  Abbott,  Junkersfeld,  Chamberlain, 
Scott,  Bond,  J.  P.  John-ston,  W.  L.  Goddard,  Bley,  Vial  and  Mayer.  Mr.  Bement 
closed  the  discussion  and  the  meeting  adjourned  about  10:15  P-  J"- 

J.   H.  Warder,  Secretary. 


LIBRARY  NOTES. 

The  Library  Committee  wishes  to  express  thanks  tor  donations 
to  the  Hbrary.  Back  numbers  of  periodicals  are  desirable  for  ex- 
change antl  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  December,  1903,  we  have 
the  pleasure  to  report  the  following  additions  to  the  library  and 
gifts  from  donors  named  : 

BOOKS  PURCHASED. 

Alternating  Current  Phenomena— Theory  and  Calculation,  1900.  By  Chas.  P. 
Sieinmetz. 

American  Municipal  Progress,  lt)02.     By  Chas.  Zueblin. 

Architectural  Engineering,  with  special  reference  to  high  building  construction, 
including  many  samples  of  permanent  office  buildings.  By 
J.  K.  Freitag,  1901. 

Architects'  and  Builders'  Handbook,  1903.     By  Chas.  R.  Adams. 

Building  Construction  and  Superintendence,  Vol.  1  —  Masons' Work,  1896.  Vol. 
2— Carpenters'  Work,  1898.     By  F.  E.  Kidder. 

Centrifugal  Pump,  Turbines  and  Water  Motors,  including  the  theory  and  praclice 
of  hydraulics;  specially  adapted  for  engineers.  By  Charles 
H.  Innes,  1901. 

Docks  and  Dock  Construction.  By  C.  Colson,  1894.  (Longman's  Civil  En- 
gineering Series.) 

Civil  Engineering,  a  Treatise  on.      By  W.  M.  Patton,  189.5. 

Electric  Railway  Economics  and  Preliminary  Engineering.  By  W.  C.  Gotshall, 
1903. 

Electrical  Engineers'  Pocket  Book.  A  Handbook  of  Useful  Data  for  Electricians 
and  Electrical  Engineers.     By  Horatio  A.  Foster,  1901. 

Engineering  for  Land  Drainage.  A  Manual  for  Laying  Out  and  Constructing 
Drains  for  the  Improvement  of  Agricultural  Lands,  1903. 
By  Chas.  G.  Elliott. 

Fireproofing  of  Steel  Buildings.      By  J.  K.  Freitag,  1899. 

High  Office  Buildings,  planning  and  construction.      By  W.  H.  Birkmire,  1898. 

Irrigation  and  Drainage.  P^rinciples  and  Practice  of  their  Cultural  Phases,  1903. 
By  F.  H.  King. 

Irrigation  Institutions,    1903.     By  Elwood  Mead. 

Lubrication  and  Lubricants  A  Treatise  on  the  Theory  and  Practice  of  Lubrica- 
tion, and  on  the  Nature,  Properties,  and  Testing  of 
Lubricants.     By  Archbutt  and  Deeley,  1899. 

Mineral  Oils  and  their  By-products.  A  short  history  of  the  Scotch  shale  oil  in- 
dustry; the  geological  and  geographical  distribution  of 
Scotch  shales,  recovery  of  acid  and  soda  used  in  oil 
refining,  and  a  list  of  patents  relating  to  apparatus  and 
processes  for  obtaining  and  refining  mineral  oils.  By  I.  I. 
Redwood,   1897. 

Municipal  Engineering  and  Sanitation.     By  M.  N.  Baker,  1901. 

Petroleum,  Technology  of.  The  Oil  Fields  of  the  World;  their  history,  geography 
and  geology.  Annual  production,  prospection  and  develop- 
ment. Oil  Well  Drilling,  Explosives  and  the  use  of  the 
"Torpedo."  Transport  of  Petroleum  by  Sea  and  by  Land. 
The  Storage  of  Petroleum,  Technical  Data  and  Tables, 
Formulae,  Problems,  etc.,  etc.,  1901.  By  Neuberger  iS: 
N'oalhat 

Power  Plants,    Mechanical  Kngineering  of.     By  F.  K.  Hutton,  1S97. 

101 


Library  Xutes.  105 

Resident   Engineers,    A   Manual  for.     Containing   general    information    on    con 

struction.  By  Molitor  &  Beard,  190r^. 
Roads  and  Pavements  in  France.  By  A.  P.  Rockwell,  18!(.5. 
Roof    Trusses,    Design    of    Simple.     With   an    introduction    to    the   elements  of 

graphic  statics.     By  Malverd  A.  Howe,  1902. 
Steam  Power  and  Millwork      Principles   and  modern  practice.     By  George  Wm. 

Sutcliffe,  1894. 
Structural  Mechanics.     Comprising   the   strength  and  resistance  of  materials  and 

elements  of  structural  design,   with  examples  and  problems. 

By  Charles  E.  Greene,  1897. 
Wire,  Its  Manufacture  and  Uses.     Embracing  comprehensive  descriptions  of  the 

construction  and  applications   of   wire  ropes.     By  J.  Buck- 
nail  Smith,  1891. 

MISCELLANEOUS  GIFTS. 
Adams,  B.  B.,  Secy,  Railway  Signalling  Club,  Proceedings  for  1901-2-3. 
Atkinson,  Edward,  Insurance  Engineering  Experiment  Station  pamphlets: 
"The  Protection  of  Steel  from  Corrosion." 

'  'Bog  Fuel,  Coke,  Gas,  and  the  Secondary  Products  of  Gas.  "  1 903. 
Bates,  W.  S.,  M.  W.  S.  E.  "Ephemeris  and  Nautical  Almanac  for  1903."  Cloth. 
Gozenbach,  Ernest,  M.  W.   S.   E.,  "Engineering   Preliminaries  for  aninterurban 

Electric  Railway."     One  cloth  bound  volume. 
Gurley,  W.  and  L.  E.      "Gurley's  Manual  of  American   Engineers  and  Surveyors 

Instruments."     Cloth  bound  volume. 
Schoenenberger  &  Son,  Chicago,  seven  bound  volumes; 

"Introduction,  a  la  Science  de  LTngenieur,  "  by  Claudel.  Vols.  1-2 
"La  Rogue  Pratique  de  L'Art  de  Construire,"  by  Claudel. 
"Formulas,  Tables  et  Renseignements  Usueles,  "        "     Vols.  1-2 
"Traite,  Special  de  Coupe  des  Pierres. "       Text  and  Atlas.       By 
Douliot. 

Tratman,  E.  E.  R.,  M.  W.  S.  E,,  Proceedings  Railway  Signalling  Association  for 

1903.     Pamphlet. 
Proceedings,  American  Water  Works  Association  for  1903.    Pam. 
"Eucalypts  Cultivated  in  the  United  States."     McClatchie. 
"American    Society    of    Municipal    Improvements,"  9th  annual 

convention.     3  pamphlets. 
Warder,  J.  H.     "The  Metric  System."     By  Davis.     Cloth  bound  volume. 
City  of  Chicago,  Mayor's  Message;   27th   Annual   Report,    Department   of  Public 

Works,  1902. 
Commercial  Museum,  The  World's  Commerce  and  American  Industries.     Pam. 
Engineer  Publishing  Co.,  copy  of  "The  Engineer  "  for  April  15,  1902. 

"Boilers,  Furnaces  and  Feed  Water  Heaters"     Pam. 
New  York  Railroad  Club,  Vols.  XI   and  XII,    Proceedings  for   1900-1901.     Cloth 

bound  volumes. 
American  Association  for  the  Advancement  of  Science;  preliminary  announcement 

of  the  Fifty-first  Annual  Meeting,  1902.     Pamphlet. 
Massachusetts  Institute  of  Technology,  Decennial  Catalogue,  1903.      Pamphlet. 
Michigan  State  Board  of  Agriculture,    42d   annual   report    of  secretary;    l()th  an- 
nual report  of  Experiment  Station. 
Worcester  Polytechnic  Institute,  34lh  annual  calendar,  1903-1904. 
World's  Fair  Bulletins,  St.  Louis,  Dec.  1908,  Jan.  and  Feb.  1904. 

GOVERNMENT   PUBLICATIONS. 

U.  S.  Geological  Survey,  Department  of  Interior.     Pamphlets: 

Production  of  Gas,  Coke,  etc.,  in  1902.     Parker. 
"     Monozite  in  1902.     Pratt. 
"     Cement  in  1902.     Kimball. 
"  "     Gypsum  in  1902.      Adams. 

"     Mineral  Waters  in  1902. 
"     Zinc  in  1902.     Kirchhoff. 
Report  of  Progress  of  Stream  Measurement  in  1902.     Newell. 


lOG  Library  Notes. 

Trade  Catalogue  No.  1018,      "Mine  and  Ore  Cars." 

Statistics  of  clay  working  industries  in  the  United  States  in  1002. 
U.  S.  Department  of  Agriculture.     Pamphlet: 

Keport  of  the  Forester  for  U)03.     Pinchot. 
Bureau  of  Labor,  Dept.  of  Commerce  and  Labor,  January,  1904.      Pamphlet. 
Department  of   Interior,    Census  office,    12th   Census  of   United  States   in   1900. 

Special  Reports  Employees  and  Wages.     Cloth   bound   volume. 
Department  of  Interior,  Commissioner  of  Education, 

•Annual  Reports  of  Department  of  Interior,  1902. 

EXCHANGES. 
American  Institute  of  Mining  Engineers,    List   of   Officers,   Members,  Rules,  etc., 

dated  November,  1903.     Pamphlet. 
American    Society    of    Mechanical    Engineers,     Transactions    for    1903.     Volume 

XXIV.     Pamphlet. 
Boston  Transit  Commission,  Eighth  Annual  Report,  1901-1902. 
Connecticut  State    Railroad    Commissioners,    (Wm.    O.    Seymour),    51st    Annual 

Report,  1903. 
Institution  of  Naval  Architects,    London,    four  bound  volumes,    Indices  Vol.  I  to 

XLII  inclusive. 
Institution  of  Engineers  and  Shipbuilders  of   Scotland,  Vol.  XLVI,  Transactions, 

1902-1903.     Cloth  bound. 
New    England    Cotton    Manufacturer's    Association,     Transactions    Semi-annual 

Meeting,  September-October,  1903.     Bound  volume. 
Tonindustrie  Zeitung,  Kalendar,  1904.     2  volumes. 

University  of  Montana,  (M.  J.  Elrod)  Lectures  at  Flathead  Lake.  Pam. 
Royal  Society  of  New  South  Wales,  Sidney,   Australia,    Journal  and  Proceedings, 

1876-1902,  inclusive.     1(5  bound  and  9  unbound  volumes. 

TRADE   CATALOGUES. 

Atlas  Car  and  Manufacturing  Co.,  Cleveland,  Ohio.     Pamphlet. 

Chicago  Pneumatic  Tool  Co.,  Reprint  of  Decision  of  Court,  Eastern  District,  Pa. 
Infringement  of  Patents. 

Fairbanks,  Morse  &  Co.,  Chicago.     Hoists  and  Mining  Machinery. 

Hoshor-Platt  Company,  New  York.     Industrial  Railways. 

Park  Manufacturing  Co.,  Chicago.     Park  Automatic  Loader. 

Power  and  Mining  Machinery  Co.,  New  York.  Gas  Plants  for  Power  Manu- 
facturing and  Metallurgical  Work.  Gas  for  Furnace  Work. 
Gas  Power  Plants  for  Mining  and  Smelting. 

Robb-Mumford  Boiler  Co.,  New  York.     Robb-Mumford  Boilers. 

Stewart  Washer  Co.,  Birmingham,  .\]a.     Catalogue  No.  2  of  Coal  Washer. 


THE  ESTABLISHMENT  OF  AN  ENGINEERING  DIRECTORY. 

As  one  of  the  functions  of  the  Western  Society  of  Engineers  is  to  promote  a 
feeling  of  comradeship  between  its  members,  and  to  render  assistance  to  them  in 
their  professional  work,  the  Board  of  Direction  have  decided  to  establish  what 
for  want  of  a  better  term,  may  be  called  an  Engineering  Directory.  The  object  of 
this  is  to  bring  together  those  members  who  may  be  on  the  outlook  for  an  engage- 
ment and  those  who  desire  the  services  of  engineers.  It  is  proposed  to  do  this 
without  cost  to  the  members  in  the  way  of  charges,  fees,  etc. 

The  name  of  the  applicant  for  position  will  be  kept  privately  by  the  Secretary 
and  not  given  out,  except  as  provided  for  in  the  rules,  and  every  endeavor  will  be 
made  not  only  to  render  real  assistance  to  those  members  of  the  Western  Society 
of  Engineers  who  are  out  of  employment,  or  who  may  be  in  search  of  more  con- 
genial positions,  but  to  render  such  assistance  in  the  right  way. 

Attention  of  employers  of  engineers,  whether  members  or  not,  is  also  called 
to  the  exceptional  value  of  this  bureau  to  parties  desiring  engineering  services  of 
the  highest  order. 

Rules  to  Govern  the  Conduct  of  this  Directory. 

First.  Blank  applications  for  employment  will  be  given  to  any  member  of 
the  Western  Society  of  Engineers  or  forwarded  to  him  on  receipt  of  request,  accom- 
panied by  a  self-addressed  stamped  envelope. 

Second.  When  returned  to  the  Secretary,  these  applications  shall  be  num- 
bered for  identification,  and  posted  on  a  public  file  in  the  rooms  of  the  Society. 
The  name  and  address  of  applicant  shall  be  kept  on  the  detached  coupon  on  a 
private  file,  numbered  the  same  as  the  application,  and  will  not  be  given  out  ex- 
cept to  bona  fide  employers,  and  then  only  when  in  the  judgment  of  the  Secretary 
no  confidence  is -violated  in  so  doing. 

Third.  Applications  from  employers  of  engineers  will  be  placed  on  a  similar 
public  file,  and  notifications  will  be  sent  to  all  applicants  meeting  the  required  con- 
ditions, or  to  any  applicant  specially  designated  by  prospective  employer. 

Fourth.  Applications,  whether  of  employers  or  those  seeking  employment, 
shall  be  kept  on  file  for  the  two  calendar  months  succeeding  the  date  of  appli- 
cation, and  then  taken  off  and  destroyed.  A  brief  abstract  of  each  applicaton, 
identified  by  number  only,  and  statmg  character  of  position  sought  and  salary  ex- 
pected, will  be  published  in  the  Journal.  Any  letters  addressed  to  file  numbers  in 
care  of  the  Secretary  will  be  forwarded  to  destination. 

Fifth.  Applications  may  be  kept  on  file  for  a  longer  period  than  two  months 
if  desired  by  the  applicant,  who  shall  notify  the  Secretary  to  this  effect  by  postal 
card  or  otherwise.  Applicants  are  also  requested  to  notify  the  Secretary  promptly 
when  the  application  is  to  be  taken  off  the  file. 

It  is  to  be  hoped  that  this  arrangement  of  applications,  etc.,  filed  at  the 
offices  of  the  Society,  will  result  in  benefit  to  those  members  who  are  seeking  a 
professional  engagement. 

By  Order  of  the  Board  of  Direction. 

J.  H.  Warder,  Secretary. 
August  5,  1902. 
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LIST  OF  OFFICERS  FOR  1904 

President H.  W.   Parkhurst 

First  Vice-President C.  W.   Hotchkiss 

Second  Vice-President W.   L.  Abbott 

Third  Vice-President Prof.   W.   D.    Pence 
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TRUSTEES 
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THE  MOVEMENT  OF  IRON  ORE  ON  THE  GREAT  LAKES. 

Arthur  J.  Mason,    M.  W.  S.  E. 
Presented  December  2,   IQOJ- 

We  should  feel  gratified,  I  think,  at  the  realization  that  finally 
engineers  are  to  have  an  inning.  For  many  years  our  profession 
has  been  regarded  as  a  sort  of  poor  relation  of  the  other  profes- 
sions; but  good  work  always  finally  counts,  and  it  seems  to  me  that 
the  world  is  beginning  to  appreciate  the  supreme  importance  of  the 
engineer  to  society. 

A  year  or  two  ago,  Mr.  Choate,  the  Ambassador  to  England,  was 
invited  to  address  the  American  Society  of  Engineers  when  their 
new  building  was  opened.  Mr.  Choate  states  that,  having  the 
evening  in  mind,  he  sat  down  in  his  library  to  find  out  what  en- 
gineers really  were;  in  short,  to  get  the  material  for  his  speech  ! 
As  he  read  "Smiles'  Lives  of  the  British  Engineers,"  he  said  he 
was  awakened  to  a  consciousness  of  the  extraordinary  service  of 
engineers  to  mankind;  that  so  much  of  everything  which  we  have 
to  be  grateful  for,  as  distinguishing  the  present  time  from  the  past, 
we  may  thank  the  engineer  for;  that  all  the  other  professions  have 
prospered  as  adjuncts  of  the  great  works  and  benefits  brought 
about  by  the  mind  of  the  engineer. 

A  friend  of  mine  lately  in  a  conversation  with  Mr.  Edison  re- 
marked that  he  believed  that  90  per  cent  of  .the  improvements  in 
the  world,  within  the  last  century,  had  been  brought  about  by 
engineers;  to  which  Mr.  Edison  replied,  "Who  in  the  world  fur- 
nished the  other  10  per  cent." 

I  think  if  we  will  examine  closely  into  this  matter  we  will  find 
that  to  the  use  of  iron  and  steel  the  engineer  must  attribute  his 
power  to  bring  about  these  great  changes.  Not  only  is  the  material 
itself  so  ideally  adapted  for  its  varied  uses,  but  its  very  nature  has 
stimulated  the  engineer,  introduced  methods  of  precision  which 
have  broadened  and  educated  him. 

I  will  ask  you  now  to  try  and  realize  what  this  Society  would  be 
if  timber  was  used  in  Chicago  as  it  was  twenty  years  ago. 

I  remember  when  I  was  much  younger  and  living  in  a  foreign 
country,  that  I  associated  America  with  forms  of  temporary  con- 
struction; the  general  use  of  timber  and  cast  iron. 
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Those  of  US  who  have  for  the  last  twenty  years  watched  the 
scientific  papers  must  be  conscious  of  the  steady  change  which  has 
taken  place.  To-day  the  American  press  illustrations  and  articles 
are  typical  of  the  most  permanent  and  substantial  construction — a 
change  which  is  singularly  true  of  Chicago. 

Before  the  fire  this  city  was  celebrated  for  its  temporary  char- 
acter. It  has  since  shown  to  the  world  the  best  method  of  building 
large,  substantial  and  permanent  buildings. 

It  is  not  my  intention  to-night  to  do  more  than  call  your  atten- 
tion to  the  vast  effort  required  each  year  to  produce  the  raw 
material  to  be  made  into  steel,  to  lay  before  you  the  outline  of  this 
great  operation,  and,  if  I  can,  to  point  out  whether  the  engineer 
may  step  in  and  do  further  good.  It  is  a  curious  fact  that  the  very 
land  which  furnished  the  timber  now  furnishes  the  ore  to  make 
steel  to  take  the  place  of  that  timber. 

We  have  lately  been  greatly  interested  in  discussing  the  proposed 
Panama  Canal  and  have  been  astonished  at  the  magnitude  of  the 
work  involved.  It  will  probably  give  respect  to  the  matter  about 
which  I  am  now  speaking  if  I  tell  you  that  the  annual  effort  to  pro- 
duce the  necessary  iron  ore  on  the  Great  Lakes  involves  as  much 
excavation  in  one  year  as  the  execution  of  the  great  cut  on  the 
Panama  Canal.  All  of  this  material  must  be  taken  out  of  its  native 
place  and  transported  more  than  a  thousand  miles  to  the  furnaces. 

We  have  every  reason  to  suppose  that  great  as  this  annual  effort 
is,  it  is  but  a  beginning.  The  use  of  iron  is  getting  to  be  so  gen- 
eral, we  find  that  it  is  in  the  out-of-the-way  homely  things  that 
much  metal  goes ;  for  instance,  I  feel  sure  that  it  must  be  a  great 
surprise  to  those  present  to  learn  that  the  total  amount  of  steel  used 
per  annum  in  structural  shapes,  in  all  the  viaducts  and  all  the  ma- 
chines is  a  smaller  tonnage  than  that  made  into  wire,  for  the  mani- 
fold uses  wire  is  put  to.  I  find  that  the  production  of  iron  and 
steel  rods  is  a  little  more  than  1,574,000  tons ;  whereas  as  the  total 
tonnage  for  structural  shape  is  but  1,300,000  tons.  Nothing  is 
more  certain,  it  seems  to  me,  than  the  more  and  more  extended  use 
of  steel,  not  only  for  the  purposes  which  we  are  now  accustomed  to 
see  it  used,  but  in  endless  other  directions ;  just  as  we  have  seen  the 
wooden  freight  car,  the  wooden  lath  and  much  else  supplanted  by 
steel,  etc.    Will  it  be  many  years  before  the  street  cars  are  of  steel .'' 

This  is  to  impress  upon  you  the  possibilities. 

I  will  not  attempt  a  technical  description  of  the  iron  ore  produc- 
ing region;  you  are  generally  aware  that  south  of  Lake  Superior, 
at  a  distance  from  the  lake  averaging,  we  will  say,  75  miles,  a  large 
amount  of  ore  has  been  mined  for  many  years;  in  1902  aggrega- 
ting 13,000,000  tons.  To  the  northwest  of  Lake  Superior,  about 
the  same  distance  from   the  lake  itself,  at  Duluth,  lies  the  great 
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Missabe  region,  which  furnished  in  1902  a  Hke  amount  of  ore;  the 
two  aggregating  27,000,000  tons.  Ore  from  the  south  of  Lake 
Superior  is  generally  known  as  "  Old  Range  ore ,"  it  is  often  hard, 
like  rock,  and  is  wholly  mined  under  ground.  The  ore  body  on  the 
northwest  of  Lake  Superior  is  of  soft  ore  and  a  large  proportion  of 
it  is  stripped  and  excavated  with  steam  shovels. 

The  pictures  on  the  screen  describe  typical  mines  in  the  Missabe 
region.  It  is  felt  in  this  Missabe  region  generally,  that  before  very 
long,  all  ore  will  be  stripped  and  mined  with  steam  shovels  even 
where  one  hundred  feet  of  stripping  must  be  removed.  In  this  di- 
retcion,  it  seems  to  me,  opportunities  are  offered  the  engineer.  The 
stripping  is  now  removed  in  the  familiar  manner  with  steam  shovels, 
delivered  to  dump  cars  and  hauled  off  to  some  barren  low  ground. 
It  is  quite  common  to  strip  a  great  many  acres  at  a  time  in  this 
manner  up  to  40  feet  to  50  feet  deep.  It  seems  to  me  that  the 
possibilities  of  imitating  the  quarrymen  in  these  mines  are  great ; 
that  is  to  say,  stripping  a  certain  portion  of  the  ore,  removing  it  and 
then  using  the  hole  to  dispose  of  further  stripping,  in  this  manner. 
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Many  of  you  must  be  aware  of  the  beneficial  effect  of  such  a 
system  of  excavation  on  the  drainage  canal,  relieving  the  shovel  of 
the  delays  incident  to  the  transportation  of  the  material  to  a  dis- 
tance in  cars.  There  is  no  doubt  in  my  mind  that  a  steam  shovel, 
operating  under  such  conditions,  will  do  double  as  much  work  as  it 
will  if  delivering  to  dump  cars  and  material  taken  away  in  trains. 
All  of  the  material,  both  stripping  and  ore,  must  be  loosened  by 
powder ;  it  is  not  difficult  to  pierce  or  drill,  black  powder  is  used 
and,  as  near  as  I  can  get  at  it,  the  stripping  requires  about  one-third 
of  a  pound  of  powder  for  each  cubic  yard ;  the  ore  probably  takes 
twice  as  much  powder  to  loosen.  The  cost  of  delivering  ore  to  the 
car,  including  its  proportion  for  the  cost  of  stripping,  runs,  in  round 
figures,  40c  per  ton ;  in  underground  mining,  in  the  same  region, 
the  cost  is  probably  doubly  as  great.  Underground  mining  has,  of 
course,  an  advantage  in  winter ;  it  has  been  the  practice  to  conduct 
underground  mining  all  the  year  and  create  great  stock  piles  in  the 
vicinity  of  the  shaft,  which  are  transferred  to  railway  cars  in  the 
spring.  Where  the  ore  is  handled  by  a  steam  shovel,  it  is  loaded 
direct  into  the  railroad  cars  for  transportation  to  Lake  Superior. 

I  have  here  a  geological  map  of  the  Missabe  district,  and  you 
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will  notice  the  ore  body  spreads  out  a  distance  of  one  hundred 
miles  east  and  west;  the  deposit  runs  a  mile  or  so  in  width,  and 
curiously  occupies  a  position  just  southward  of  a  range  of  primary 
rock,  just  as  though  it  had  been  intercepted  in  moving  northward 
by  this  ridge.  The  Missabe,  it  seems,  is  another  case  of  the  geolo- 
gist trying  to  make  one  district  fit  the  peculiarities  of  another;  for 
I  understand  from  the  old-timers  on  the  ground  that  all  those  men 
familiar  with  the  mines  in  Michigan  declared  the  Missabe  district 
would  never  amount  to  anything,  and  the  record  is  full  of  surprises. 
The  first  great  mine  was  the  Iron  Mountain,  a  picture  of  which  I 
have  shown.  I  heard  from  the  man  who  opened  this  mine  that  the 
original  Merritt  prospecting  party  insisted  on  looking  for  the  ore 
where  it  ought  to  be  found — according  to  their  view.  An  old 
miner  in  the  party  wished  to  try,  as  he  said,  "down  below,"  but  the 
chiefs  objected.  After  much  disappointment  the  chiefs  left  the 
region,  leaving  instructions  with  the  old  Cornishman  to  complete 
a  certain  hole,  and  if  it  proved  barren,  to  abandon  the  neighbor- 
hood. As  soon  as  the  leaders  of  the  party  were  sufficiently  far 
enough  away,  he  followed  his  own  views,  putting  a  hole  down  in 
the  lower  ground,  and  found  ore  in  a  few  feet;  found,  indeed,  this 
Iron  Mountain  mine,  which  has  produced  something  like  8,500,000 
tons.  Rather  a  valuable  80  acres.  One  could  easily  talk  about 
these  mines  for  the  rest  of  the  evening,  and  I  shall  be  glad,  later 
on,  to  make  clear,  if  I  can,  anything  that  may  occur  to  your  minds. 
For  the  present  we  will  take  it  for  granted  that  we  have  our  27,- 
000,000  tons  loaded  on  railroad  cars  for  transporting  to  the  lake, 
making  a  million  cars;  5,000  a  day  for  the  shipping  season — thirty 
miles  of  cars.  It  is  up  to  our  railroad  friends  now  to  get  this  down 
to  the  vessel's  side. 

Now  there  are  something  like  a  hundred  and  fifty  producing 
mines,  and,  until  the  United  States  Steel  Corporation  took  hold, 
almost  as  many  different  kinds  of  ore,  having  presumably  different 
characteristics  and  requiring  to  be  kept  separate,  each  from  the 
other;  unlike,  you  will  realize,  grain  or  corn,  in  this  respect.  Often 
the  ore  from  the  same  mine  is  graded  in  several  grades,  according 
to  its  characteristics,  chiefly  as  Bessemer  and  non-Bessemer  ore. 
Now,  this  ore  must  be  kept  separate  at  each  stage  on  its  way  to 
the  furnace. 

The  chemist  is  actively  at  work  all  through  the  excavation  sea- 
son, and  as  fast  as  a  car  is  loaded  samples  are  taken,  analyses  of 
the  ore  made  and  its  character  determined  before  it  starts  on  its 
journey  to  the  lake. 

The  peculiarities  Jof  the  handling  of  ore  just  mentioned  have 
brought  into  requisition  the  ore  pockets  of  the  upper  lakes.  All 
ore  is  now  handled  through  these  pockets.     They  consist  of  a  tim- 
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ber  structure  jutting  out  into  the  lake  one  or  two  thousand  feet, 
elevated  some  sixty  feet  above  the  water,  and  having  built  into  the 
structure  pockets  to  store  the  ore,  accumulating  cargoes  in  the 
pockets  rather  than  in  the  cars;  a  most  excellent  device,  the  pecu- 
liar value  of  which  we  will  later  point  out.  There  are  twenty-five 
of  these  ore  docks,  the  property  of  the  different  railroads,  aggre- 
gating about  six  miles  of  structure,  and,  of  course,  long  approaches 
inland  to  climb  the  necessary  sixty  feet.  The  pockets  generally 
are  about  as  follows: 

Infril 


The  great  height  is  a  consequence  of  the  necessity  to  cause  the 
ore  to  flow  to  the  far  side  of  the  vessel,  thirty  odd  feet.  I  think 
these  pockets  have  been  particularly  described  in  a  paper  by  Mr. 
Hatch,  delivered  some  time  last  year.  They  are  susceptible  of 
very  substantial  improvement,  we  believe.  There  is  no  reason  why 
the  car  dump,  wherein  the  common  freight  car  is  turned  upside 
down,  found  so  very  valuable  on  the  lower  lakes  for  handling  coal, 
should  not  be  applied  at  the  other  end  of  the  lakes  in  the  ore  busi- 
ness, and  there  is  no  reason  why  the  pockets  themselves  should 
not  be  so  modified  that  they  would  deliver  the  ore  more  freely;  the 
system  of  spouts  again  might  be  mechanically  operated,  and  the 
whole  dock  made  of  steel  as  timber  grows  scarcer  in  the  region. 

Several  of  these  docks  have  already  been  destroyed  by  fire,  and 
the  insurance  must  be  quite  an  item.  The  aggregate  capacity  of 
these  pockets  runs  close  to  one  million  tons,  so  they  must  be  filled 
on  an  average  of  twenty-seven  times  in  a  season  like  that  of  1902; 
that  is,  filled  and  emptied  every  eight  days,  which  gives  a  good  idea 
of  the  period  of  time  cars  would  be  delayed  if  the  attempt  was 
made  to  load  vessels  directly  from  cars.  One  of  the  curious  things 
about  ore  is  the  obstinacy  with  which  it  refuses  to  run  down  where 
one  might  reasonably  expect  it  to  run.  Everybody  must  be  famil- 
iar with  the  ordinary  drop-bottom  steel  car,  and  many  of  you  with 
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the  drop-bottom  wooden  car  used  almost  altogether  amongst  the 
iron  mines;  but  I  venture  to  say  that  very  few  of  you  would  believe 
how  difficult  it  is  to  unload  one  of  those  cars.  The  ore  being  very 
heavy  goes  through  a  sort  of  packing  process  in  transit,  so  that 
when  the  doors  in  the  bottom  of  the  cars  are  opened,  making  a 
hole,  we  will  say,  as  big  as  an  ordinary  doorway,  strange  to  say  the 
ore  does  not  run  out  as  it  ought  to  do,  and  must  be  humored  with 
sledges,  bars  and  prods  and  a  good  deal  of  hard  work  done  before 
it  consents  to  leave  the  car.  My  own  observation  is  that  the  thirty- 
ton  cars  take,  on  an  average,  fifteen  minutes  to  unload  with  half  a 
dozen  men.  That  same  car  could  easily  be  turned  over  at  much 
less  expense  in  one  minute  with  the  familiar  car-dump  service. 
Substantial  improvement  might  be  made  in  these  ore  docks  if,  as 
much  as  is  possible,  the  work  were  done  mechanically.  Time  is 
the  precious  thing  to  be  saved,  especially  the  time  of  the  vessel, 
which  the  climate  requires  to  lie  frozen  up  for  four  or  five  months 
of  the  year.  Now,  these  vessels  arrive  at  all  hours  of  the  day  and 
the  night,  on  Sundays  and  holidays,  for  there  is  no  rest  in  the 
navigation  season  for  the  ore  carrier.  If  the  operation  of  the  ore 
pockets  requires  a  large  number  of  men,  there  is,  and  always  will 
be,  difficulty  in  getting  these  crews  out  in  the  night  or  in  bad 
weather;  in  fact,  just  when  you  want  them,  and  a  good  deal  of  time 
is  lost  in  this  manner.  There  is  opportunity,  too,  at  these  docks 
for  the  systematizing  of  the  pockets  themselves,  a  system  which 
will  lend  itself  to  the  reception  and  despatch  of  the  ore,  so  as  to 
require  the  least  possible  moving  of  the  vessel  to  get  a  load.  A 
few  moments  ago  I  spoke  of  the  great  number  of  ores,  or  names 
of  ores  existing  before  the  creation  of  the  United  States  Steel  Cor- 
poration; there  is  a  determination  now,  as  much  as  possible,  to 
reduce  the  numbers  of  ore  and,  regardless  of  their  names,  to  mix 
together  ores  having  identical  characteristics.  When  all  these  ores 
had  different  owners  this  was  not  feasible.  The  speed  with  which 
a  boat  may  be  loaded  varies,  for  two  reasons:  first  and  most  im- 
portant the  condition  of  the  ore — that  is,  whether  it  is  dry  and 
friable  'and  runs,  or  whether  it  is  sticky  and  refuses  to  run  out  of 
the  pockets  and  must  be  coaxed  out  with  elbow  grease.  The  other 
condition,  is  the  position  of  the  ore  in  the  dock  itself;  if  a  vessel 
arrives  at  the  dock  to  be  loaded  with  a  particular  kind  of  ore  and 
all  that  ore  destined  for  that  particular  cargo  lies  in  contiguous 
pockets,  it  must  be  plain  that  a  more  rapid  loading  will  be  had  than 
if  that  vessel  could  only  get  two  pockets  here  and  two  pockets 
down  below  and  some  over  on  the  other  side  of  the  dock,  necessi- 
tating quite  a  number  of  movements  of  the  vessel  itself;  for  instance, 
I  heard  lately  of  a  case  wherein  one  vessel  received  her  load  within 
one  hour,  and  the  next  vessel  coming  to  the  dock  had  to  bo  moved 
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and  secured  nineteen  times  to  get  a  cargo,  and  probably  took  as 
many  hours. 

We  have  now  got  our  ore  down  to  the  lake  and  presumably  into 
the  vessel.  The  lake  vessel  itself  is  a  peculiar  evolution  due  to  its 
environment ;  that  is,  the  absence  of  heavy  seas,  and  the  shortness 
of  the  voyages. 

Here  we  have  the  original  sea  going  ship,  reminding  you  proba- 
bly of  the  Jackson  Park  caravels,  Columbus'  vessels,  feudal  ideas  re- 


quiring here  the  officers'  quarters  distinct  from  the  common  crew 
forward ;  the  large  provision  necessary  for  quarters  was  required 
from  the  very  large  number  of  men  necessary  to  work  the  vessel  in 
those  days ;  these  fore  and  aft  parts  of  the  vessel  were  raised  to 
keep  the  quarters  dry.  Next  we  come  to  the  sea  going  tramp 
steamer,  which  is  a  descendant  of  the  vessel  I  have  sketched ;  here 
too,  we  find  the  low  waist  to  take  seas,  the  elevated  fore  and  aft 
quarters  for  the  reception  of  the  crew ;  and  the  engines  and  boilers 
placed  midships.  The  hatches  themselves  made  as  infrequent  as 
possible,  because  of  the  heavy  seas  making  it  dangerous  to  have 
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too  many  hatches.  Here  we  have  a  type  of  the  lake  vessel,  the 
engines  and  boilers  in  the  stern,  the  deck  provided  with  numerous 
appliances  for  making  fast  the  vessel,  warpmg  her  in  and  out  of  the 
dock,  etc.,  and  the  whole  deck  pierced  from  end  to  end  with  frequent 
openings  for  the  purpose  of  introducing  and  taking  out  the  cargo. 

There  is  upon  the  Great  Lakes  a  total  tonnage  of  vessels  of  this 
character  of  over  1,000,000  tons,  but  in  a  year  like  that  of  1902,  it 
is  all  that  such  a  fleet  can  accomplish  in  the  short  season  to  get  the 
ore  down  to  its  destination. 

The  freight  charge  has  averaged  for  a  period  of  years  about  80 
cents  per  gross  ton  from  Lake  Superior  ports  to  Lake  Erie  ports ; 
a  charge  of  about  20  cents  a  ton  is  made  and  taken  out  of  this  for 
merely  unloading  the  vessel,  which  has  always  seemed  to  me  a  most 
absurd  situation;  60  cents  for  carrying  this  ore  1,000  miles  and 
20  cents  for  lifting  it  40  feet  and  moving  it  horizontally  another  40 
or  50  feet.  The  net  return  of  the  vessel  per  ton  is,  therefore,  60 
cents;  on  a  cargo  of  5,000  tons  we  have  $3,000  as  the  remunera- 
tion, enhanced,  of  course,  by  the  occasional  return  load  of  coal.  If 
a  round  trip  be  made  in  ten  days,  we  have  an  earning  capacity  of 
$300  per  day  for  this  5,000  ton  vessel;  so  that  her  time  is  pretty 
valuable.  It  is  curious  to  note  the  influence  of  this  value  of  time 
and  the  other  influences  we  have  before  stated,  upon  the  construc- 
tion of  the  ship  itself  and  the  habits  of  the  crew,  and  in  all  respects 
distinguishing  them  from  the  sea  going  ship  and  its  crew.  It  is 
probably  a  safe  statement  to  make  that  a  lake  vessel  will  tie  up  at 
a  dock  and  be  ready  for  unloading  in  a  twentieth  part  of  the  time 
which  a  sea  going  ship  would  take.  This  is  perhaps  a  good  place 
to  point  out  that  there  is  in  Europe  a  splendid  opportunity  for  im- 
provement in  respect  to  the  vessels  themselves  and  more  particu- 
larly to  the  methods  of  loading  and  unloading  iron  ore.  England 
imports  something  like  6,000,000  tons  of  iron  ore  per  annum,  a 
large  part  of  this  coming  from  Spain ;  700  miles  water  travel  from 
Welch  ports.  Ship  owners  have  informed  me  that  they  did  not 
average  better  than  a  trip  a  month  between  England  and  Spain. 
Our  lake  vessels  having  1,000  miles  to  travel  and  the  lock  to  pass 
through  at  the  Soo,  average  ten  to  eleven  days.  Right  here,  there 
is  an  opportunity  for  the  English  people  to  cut  off  at  least  $1.00 
per  ton  on  pig  iron  cost,  using  Spanish  ore ;  so  that,  after  all,  while 
we  should  be  truly  grateful  for  the  wonderful  deposits  of  iron  ore  in 
the  Lake  Superior  district,  we  have  to  thank  our  own  energy  just  as 
much  for  the  successful  and  economical  delivery  of  it  to  Pittsburg. 
Actually,  so  far  as  the  natural  conditions  are  concerned,  England 
is  more  favorably  placed  with  reference  to  Spanish  ore  than  Pitts- 
burg is  with  reference  to  Lake  Superior  ore,  and  the  Englishman 
has  the  entire  year  for  his  operations. 
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We  are  quite  prone  to  forget  what  a  handicap  our  severe  winters 
constitute.  The  average  speed  of  the  best  class  of  lake  vessels  is 
probably  12  miles  an  hour,  making  166  hours  as  the  time  needed  to 
travel  2,000  miles;  adding  16  hours,  the  average  detention  for  loading 
and  72  hours,  the  average  detention  for  unloading  ;  we  get  254  hours, 
or  about  10%  days  for  the  trip  to  Duluth  and  return.  You  will 
notice  I  provide  three  days  time  for  unloading  a  boat ;  now  it  is  very 
rare  indeed  to  take  more  than  a  full  day  to  unload  a  vessel  in  these 
days,  but  navigation  is  a  peculiar  thing ;  if  the  vessels  were  started 
out  at  regular  intervals  at  Duluth,  they  would  inevitably  be  bunched 
very  soon,  almost  every  change  in  the  weather  has  the  effect  of 
bunching  the  fleet,  just  as  the  most  petty  accident  will  accumulate 
street  cars  in  a  large  city  ;  rough  weather  at  any  of  the  ports  causes 
them  to  gather,  anchored  outside,  waiting  an  opportunity  to  come 
in  ;  the  result  of  numerous  causes  of  this  character  is  that  the  fleet 
is  always  coming  in  in  droves  at  both  ends  and  each  ship  must  take 
its  turn  to  be  either  loaded  or  unloaded.  It  is  this  which  makes 
the  average  detention  72  hours,  or  three  days,  at  Lake  Erie  ports. 
Now  as  this  72  hours  consists  mostly  of  time  spent  in  waiting  a 
turn,  whilst  prior  boats  are  being  unloaded,  it  follows  that  any  ap- 
pliance which  will  shorten  the  period  of  time  in  which  a  boat  may 
be  unloaded  not  only  applies  to  the  boat  itself,  but  also  to  those 
vessels  which  are  waiting  a  turn.  Now  if  the  average  period  of  de- 
tention be  three  days,  it  means  on  the  lower  lakes  that  the  average 
vessel  waited  while  two  other  boats  were  being  unloaded  for  its  turn 
to  come.  Now,  if  each  of  those  prior  boats  were  unloaded  in  one- 
half  the  time  then  our  waiting  boat  would  save  one-anda-half  days 
in  port. 

We  have  shown  that  such  a  vessel  is  worth  $300  per  day,  so 
that  the  effect  of  cutting  off  one  and  a  half  days'  delay  would  be  a 
saving  of  $450,  a  sum  which,  with  modern  appliances,  would  be 
twice  as  great  as  would  be  necessary  to  unload  the  whole  vessel, 
so  that  really  the  highest  economy  would  lead  to  the  duplication  of 
ore-unloading  appliances  and  of  having  them  idle  instead  of  vessels. 
Here  we  have  two  delays;  16  hours  to  load  and  72  hours  to  unload. 
It  is  the  presence  of  the  great  ore  pockets  on  the  upper  lakes  which 
in  a  large  measure  account  for  the  saving  at  the  receiving  end; 
they  form  a  sort  of  safety  valve,  and  there  is  no  doubt  that  if  a 
similar  device  was  applied  at  the  delivery  end  a  very  great  saving 
in  the  vessel's  time  and  in  the  uniform  despatch  of  ore  by  railroads 
would  result. 

We  have  ourselves  contemplated  the  construction  of  a  lake  vessel 
designed  to  facilitate  unloading.  A  most  extraordinary  rate  of 
progress  is  made  in  all  these  ore  vessels  when  removing  that  por- 
tion which  lies  under  the  hatch  opening,  or  which  naturally  flows 
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by  gravity  to  a  point  under  the  hatch  opening.  It  is  a  common 
thing  for  a  single  man  to  remove  250  tons  in  an  hour,  quite  alone, 
when  operating  on  the  first  half  of  the  cargo;  it  is  the  second  half 
which  is  slow  to  get  out.  We,  therefore,  have  contemplated  build- 
ing the  vessel,  having  the  tank  top  in  a  series  of  corrugations,  the 
valley  being  immediately  beneath  the  hatch  openings;  the  sides  of 
these  valleys  formed  steep  enough  to  cause  the  ore  to  positively 
flow.  There  is  no  doubt  at  all  that  with  such  a  vessel  a  single 
operator  will  remove  a  hatch  containing  500  tons  within  two  and  a 
half  hours,  at  a  cost  of  $3.00.  Oddly  enough,  when  we  followed 
these  designs  up  it  was  found  to  be  a  superior  system  of  construc- 
tion to  the  normal  one  of  building  boats. 


pffoposdo     co/vsT/j'ucr/o/^ 


CONi^ENTlO/V/JL     CONSr/rucnON 


Cf?OSS     ^£cr/o/v 


c/ross  sec  7- /ON 


/  o/\/Gi  TUOiNffi     s£cr/o/\f 
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I  have  here  a  design  showing  the  conventional  construction  and 
also  the  proposed  construction.  The  corrugations  themselves  form 
trusses  transverse  of  the  vessel,  and  transferring  the  load  very 
evenly  to  the  vertical  sides.  These  corrugations  also  render  un- 
necessary any  posts  sticking  in  and  through  the  ore;  they  incident- 
ally do  what  is  very  desirable  in  a  vessel  carrying  such  a  heavy 
cargo,  raise  the  center  of  gravity  of  the  load,  and  this  greatly 
reduces  the  stress  on  the  hull  in  rolling,  or  when  struck  by  seas; 
the  water- tank  ballast  capacity  is  enhanced  and  at  the  same  time 
the  ease  of  the  vessel  and  its  carrying   capacity  on  a  gi\en  draft 
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greatly  improved,  the  total  weight  of  the  hull  being  decreased  some 
8  per  cent. 

It  seems  to  me,  now  that  we  have  taken  all  this  ore  down  the 
lakes,  I  have  accomplished  the  scope  of  this  paper,  and  will  be 
quite  glad  to  enter  into  a  discussion  of  any  points  involved. 

DISCUSSION. 

Mr.  Liljencnmtz — In  regard  to  the  delay  in  unloading  vessels. 
Not  long  ago  on  going  down  to  Calumet  Harbor,  I  found  nine  ore- 
vessels  lying  at  anchor  in  the  outer  harbor.  I  presume  that  on  ac- 
count of  storms  they  had  been  going  into  different  harbors  all  the 
way  down,  and  afterwards  all  arrived  about  the  same  time.  They 
have  however,  two  harbors  at  Calumet,  where  they  can  unload  sev- 
eral boats  at  once. 

I  believe  you  stated  that  there  are  about  five  months  in  the  win- 
ter when  the  boats  cannot  run,  and  if  I  understood  you  right  the 
work  is  going  on  all  the  year  at  the  mines.  Will  those  pockets 
hold  sufficient  of  the  winter's  output  from  the  mines  1 

Mr.  Mason — I  did  not  intend  to  give  that  impression.  Only  the 
underground  mining  goes  on  in  the  winter.  The  ore  taken  out  of 
underground  mines  is  not  stored  in  those  pockets,  but  on  the  ground 
in  the  vicinity  of  the  shaft ;  the  mine  car  is  carried  along  a  trestle 
and  dumped.  It  is  handled  with  a  steam  shovel  in  the  spring  and 
dispatched  to  the  dock.  It  is  not  possible  to  ship  ore  in  the  win- 
ter.    It  would  freeze. 

Mr.  Seddon — What  is  the  average  loading  time  of  those  boats  .'' 

Mr.  Mason — This  last  season  ought  to  have  been  better,  because 
of  the  grouping  of  the  ores  I  have  mentioned.  I  was  surprised  to 
find  that  at  the  United  States  steel  docks  it  had  run  as  high  as  i6 
hours. 

Mr.  Seddon — You  gave  a  new  record  to  me.  I  had  heard  of 
loading  5,000  tons  in  i  hour  and  58  minutes  time,  but  you  gave  a 
record  very  much  below  that. 

Mr.  Mason — Yes,  something  under  an  hour. 

Mr.  Seddon — Unloading  in  about  4  hours  is  a  record  is  it  not  "i 

Mr.  Mason — About  that. 

Mr.  Seddon — That  is  the  fastest,  is  it  not } 

Mr.  Mason-^Ye^. 

Mr.  Seddon — You  do  not  know  the  average,  I  suppose  '> 

Mr.  Mason  I  should  say  the  present  average  was  12  hours.  I 
mean  the  actual  unloading. 

Mr.  /Rainier  —  You  brought  the  ore  down  from  the  dock,  but 
you  did  not  unload  it.  I  have  reason  to  believe  that  you  ha\'e 
burned  more  midnight  oil  on  the  subject  of  unloading  than  on  the 
other  subject. 
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Mr.  Mason — That  is  a  very  long  story.  I  would  be  very  glad  to 
give  you  gentlemen  an  opportunity  of  seeing  how  it  is  done.  It 
might  be  a  good  plan  for  all  those  interested  to  make  a  trip  next 
season  and  see  how  it  is  done,  and  I  now  invite  you  to  do  that,  and 
perhaps  then  I  can  convey  to  you  much  better  than  I  could  by 
word  of  mouth  the  way  we  handle  the  ore. 

Mr.  Pearce — I  would  like  to  ask  if  the  whaleback  has  been  used 
to  any  great  extent  in  this  class  of  transportation } 

Mr.  Mason — No;  the  whaleback  was  by  no  means  a  success. 
That  was  a  case  where  the  people  ran  away  with  an  idea  of  economy 
of  construction  and  left  out  the  feelings  of  the  crew.  The  whale- 
back has  two  decided  drawbacks — no  comfortable  quarters  for  the 
crew,  and  it  is  difficult  to  get  around  the  deck  to  handle  in  port. 

Mr.  Liljencrantz — There  is  at  least  one,  if  not  two,  of  the  whale- 
back forms  which  go  down  to  South  Chicago  to  the  steel  mill,  and 
I  know  there  is  one  or  two  at  the  steel  works  on  the  North  Branch. 

Mr.  Mason — Yes,  there  are  some  of  them  in  use;  but  they  do 
not  handle  a  large  per  cent  of  the  business,  and  they  are  generally 
the  very  first  boats  to  be  put  out  of  use  when  the  dull  times  come. 

Mr.  Seddon — Have  those  which  have  gotten  out  into  the  ocean 
much  traffic .-' 

Mr.  Mason — I  think  not. 

Mr.  Warder — You  have  represented  a  good  many  cross  sections 
of  vessels  with  practically  vertical  sides  and  flat  bottom. 

Mr.  Masoti — Yes;  the  lake  vessels  have  very  slight  increase  in 
size  at  the  bottom.  I  will  state  to  you,  gentlemen,  that  the  strength 
of  this  boat  is  in  the  vertical  sides  forming  the  webs  of  two  chan- 
nels, the  deck  and  the  bottom  being  the  flanges. 

Mr.  Warder — Then  the  deck  structure  between  the  hatch  and 
the  guard  is  an  important  element .'' 

J/r.  Mason — Yes,  most  important.  It  is  kept  as  light  as  it  is 
possible  to  make  it  and  furnish  the  metal  for  flange.  It  is  gener- 
ally kept  about  seven  feet  wide. 

Mr.  Warder — Then  the  use  of  structural  metal  in  that  seven 
feet  is  to  get  as  much  stiffness  as  possible .-' 

Mr.  Mason — Yes;  just  like  a  channel. 

Mr.  Warder — The  stiffness  is  introduced  on  the  edges,  I  suppose  } 

Mr.  Mason — Yes:  that  is  one  of  the  troubles.  They  put  in 
bulkheads,  forming  diaphragms,  as  it  were,  to  assist  in  giving  stiff- 
ness to  the  hull;  then  there  is  a  girder  in  the  tank  bottom,  from 
end  to  end,  and  then  beams  across  to  carry  the  load. 

Mr.  Liljencrantz  About  what  is  the  value  per  ton  of  ore  at  South 
Chicago,  coming  from  the  Lake  Superior  mines } 

Mr.  Mason — I  think  it  is  from  S3.00  to  $3.50. 

Mr.  Liljencrantz — The  reason   I  ask  is  this—  not  long  ago  the 
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Steamer  Wavvatam  went  aground  about  two  miles  south  of  the  Lake 
View  water  works  crib,  I  went  out  there  to  look  into  matter,  and 
found  what  I  think  was  a  stone  dump,  with  only  1 3  feet  of  water  over 
it,  but  the  captain  managed  to  find  that  place.  All  around  the  boat 
there  was  22  feet  of  water.  They  had  to  dump  overboard  from 
400  to  500  tons  of  ore,  and  the  captain  said  it  would  be  too  expen- 
sive to  send  a  dredge  up  to  take  it  out — that  it  would  cost  about 
$4.00  a  ton  to  do  that;  another  party  told  me  it  was  worth  about 
$1.00  a  ton  to  do  that  work. 

Mr.  Mason — I  have  stated  that  the  freight  is  80  centsj  if  from 
an  underground  mine  of  hard  ore,  it  must  have  cost  $1.00  or  $1.50 
to  mine;  it  is  then  taken  75  miles  by  rail;  that  added  50  cents, 
making  $1.75;  at  the  shipping  dock  it  had  to  bear  So  cents  freight, 
which  would  make  about  $2.50.  The  person  who  owned  the  land 
had  to  get  something,  so  you  can  see  there  was  easily  $3.00  in  sight. 

Mr.  Seddon — Some  of  the  ore  has  60  per  cent  iron,  has  it  not } 

Mr.  Mason — Some  of  it,  but  not  all.  I  presume  the  Missabe 
range  would  have  55  per  cent  iron,  and  that  is  probably  the  richest. 
The  others  would  hardly  reach  50  per  cent. 

Mr.  Seddon — Is  there  no  selection  at  all } 

Mr.  Mason — Yes,  constant  selection.  Often  a  single  car  has  to 
run  the  gauntlet  of  several  analyses. 

Mr.  Seddon — Do  they  not  skip  any  of  the  ore  in  the  pit  and 
leave  it  there } 

Mr.  Mason — No;  that  would  not  be  practicable,  because  right 
beyond  what  they  leave  might  be  a  very  high  grade  ore. 

Ml.  Rainier — You  spoke  of  the  probability  of  those  ore  docks 
being  built  of  steel,  some  time  in  the  future,  on  account  of  the 
danger  of  their  burning  down.  Have  you  any  figures  on  the  rela- 
tive cost  of  steel  docks  as  related  to  wooden  docks  t 

Mr.  Mason — No  I  have  not.  There  would  be  this  disadvantage — 
that  the  steel  construction  would  cause  the  ore  to  freeze  much 
more  rapidly  than  with  wood  construction,  and  late  and  early  in  the 
season  frost  would  be  a  serious  difficulty. 

Mr.  Liljencrantz — It  seems  to  me  that  when  such  expensive  car- 
goes are  sent  down,  carrying  4,000  to  5,000  tons  of  ore,  they  ought 
to  be  very  careful  in  the  selection  of  their  captain.  Last  year  the 
captain  of  a  certain  steamer  went  right  through  the  breakwater  in 
Calumet  Harbor.  The  breakwater  is  30  feet  wide,  filled  with  stone, 
and  he  cut  through  to  a  depth  of  18  feet  below  the  water  level  and 
6  feet  above.  He  came  along  at  a  speed  of  1 2  miles  an  hour.  He 
claimed  that  there  was  a  dense  fog  and  that  the  fog  horn  was  not 
being  worked,  but  it  is  suggested  that  a  captain  who  will  enter  a  har- 
bor in  a  dense  fog  at  the  rate  of  1 2  miles  an  hour  should  not  be 
trusted  with  an  expensive  vessel  and  cargo. 
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EFFECT  ON  TRUSSES  AND  PLATE  GIRDERS  DUE  TO  IMPERFECT  ROLLER- 
SUPPORT. 

Geo.  N.  LiNDAY,  M.  W.  S.  E. 

Some  years  ago  a  case  was  mentioned  in  an  engineering  journal 
of  the  damage  done  to  a  highway  span  on  account  of  the  sudden 
collapse  of  an  I-beam  pedestal  supporting  the  end  of  the  truss  on 
the  masonry.  The  I-beams  were  placed  transversely  to  the  length 
of  the  bridge,  and  coverplates  were  riveted  to  the  top  and  bottom 
flanges  of  the  beams.  After  the  failure  it  was  found  that  the  top 
flanges  had  been  pulled  forward  without  changing  their  horizontal 
position,  while  the  bottom  flanges  had  remained  in  place,  and  that 
subsequently  the  weight  of  the  bridge  had  mashed  the  pedestal 
down,  bending  the  webs  of  the  beams  along  a  reverse  curve  and 
throughout  their  entire  length,  as  indicated  by  the  sketch,  Fig.  i . 


riG.i. 

Such  a  failure  was  evidently  due  to  the  fact  that  the  end  of  the 
bridge,  which  was  originally  designed  to  permit  a  change  of  span 
length,  due  to  strain  and  temperature,  had  become  immovable 
through  the  failure  of  the  expansion  rollers  to  act  as  intended.  The 
horizontal  resistance  introduced  on  this  account  was  large  enough 
to  pull  the  pedestal  over.  That  it  had  taken  considerable  strain  to 
bring  about  such  result  is  evident  and  the  effect  on  the  trusses  and 
the  piers  shortly  before  the  collapse  must  have  been  something 
quite  different  from  that  the  designer  thought  he  would  have  under 
ordinary  circumstances. 

To  get  some  notion  what  a  truss  has  to  stand,  if  for  some  reason 
the  ends  have  become  immovable,  it  might  be  interesting  to  see  what 
some  speculating  on  the  subject  would  lead  to.  Take  a  truss  as 
shown  in  Fig.  2.    It  belongs  to  a  bridge  actually  built  and^in  use  today. 
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Any  vertical  load  placed  on  the  truss  after  the  rollers  have  be- 
come ineffective  will  produce  a  horizontal  reaction,  and  it  will  natu- 
rally be  in  the  nature  of  a  push-out  on  the  piers  due  to  the  stretching 
of  the  bottom  chord.  An  increase  of  temperature  will  have  a  like 
effect  (a  decrease  of  temperature  the  opposite),  and  a  yielding  of 
the  pier  on  account  of  these  effects  will  again  modify  the  stress 
condition  in  the  truss  and  the  push  on  the  pier.  In  other  words 
the  truss  has  become  a  statically  indeterminate  structure  and  any 
problem  relating  to  it  can  then  be  solved  by  an  application  of  the 
law  of  virtual  work.  In  the  following  the  general  method  as  laid 
down  by  Prof.  Mueller-Breslau  in  his  "  Neuere  Methoden  der  Fest- 
tigkeitslehre "  has  been  used  in  working  out  the  results  given. 
This  book,  by  the  way,  gives  in  a  compact  form  a  comprehensive 
idea  of  the  application  of  this  law  to  elastic  structure.  If  the  hori- 
zontal reaction  were  known,  the  stresses  throughout  the  truss 
could  be  found ;  hence  it  is  statically  indeterminate  in  the  first  de- 
gree, and  for  such  a  truss  the  effect  on  the  horizontal  reaction 

P 

due  to  vertical  loads,  is  Hi    =— '- — ^ — 


due  to  a  temperature  change  H^-"" —        ^    g — 

5:s,  .^ 

HEI.y 

Here  the  various  letters  have  the  following  meaning: 

H,  horizontal  reaction  counted  positive  in  the  direction  towards 
the  center  of  the  span. 

S  ,  stress  in  any  member  for  a  given  loading  when  H  ^  o,  or  in 
other  words  when  the  end  is  free  to  move. 

S,,  stress  in  any  member  for  H  =  1  applied  in  a  positive  direction 
(see  Fig.  2)  while  all  other  loads  are  removed. 

],  length  of  any  member  in  the  truss.     A,  its  gross  section  area. 

E,  modulus  of  elasticity  =  29,000,000  pounds. 

e,  coefficient  of  expansion  for  steel  =pYx-^.      Hence  E.e  ^  192 

t,  change  of  temperature,  positive  or  negative, 
y,  yield  of  pier  or  change  of  span  length  due  to  such  yielding. 
For  the  case  under  consideration  the  various  expressions  for  H 
can  be  simplified  a  good  deal,  because  -S,  is  zero  for  all  members 
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in  the  truss  except  the  bottom  chord  members,  which  all  get  a 
stress  S,  =  —  i;  and  as,  furthermore,  all  the  panels  are  of  the 
same  length,  the  expressions  for  the  various  horizontal  reactions 
become : 


H.  - 


2: 


So 


n2  =     ^  I 


7S, 


"3="Lxi 


where  n  represents  the  number  of  panels  =  9,  and  the  summa- 
tions extend  over  the  bottom  chord  members  only.  It  is  safe  to 
say  that  when  the  bridge  is  first  erected  the  rollers  are  in  good 
working  order,  so  that  the  truss  is  allowed  to  take  the  shape  due  to 
dead  load  and  vertical  reactions  only.  Even  if,  subsequently,  the 
rollers  become  immovable  by  rusting  fast  or  getting  skewed,  the 
dead  load  will  never  have  any  effect  horizontally.  When  the  live 
load  then  passes  over  and  the  bridge  is  fully  loaded,  the  effect  on 
H,  is  (no  impact  considered) 

)g>'5)000         2S3000  zaSOOO  3l<oOoo 

H  -  3-2,0     "^  ^     3€>^-7      "^^^       >4-0,-2:  ^^^>S. 

.  .  S&300 

One  peculiarity  to  be  noticed  here  is  that  if  all  the  sections  in 
the  bottom  chord  were  alike,  we  have 

H    =    ^  So  XSo 


In  other  words  the  horizontal  push  is  the  same  as  the  average 
stress  in  the  bottom  chord.  The  average  for  this  case  is  229,000 
pounds,  which  is  only  2  per  cent  in  excess  of  the  more  correct  figure. 
Another  peculiarity  is  that  H2is  apparently  independent  of  the  span 
length.  But  it  is  easily  seen  that  the  formula  for  H,  is  correct  if 
the  same  assumption  of  equal  sections  is  made  when  TL,  becomes 

H.  =  E  e  t  A.  or  ^^  -=  E  et 
A 
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The  left  side  is  evidently  the  unit  stress  in  the  section,  produced 

by  Hj,     and  —  is  the   distortion  (et)  per  unit   of   length,  which 

would  take  place  if  freedom  of  movement  was  not  restrained. 
The  effect  of  an  increase  of  temperature  of  i  degree  is 

Ho  =  1^2X0^  ggr.Q  pounds. 
0.0252 

An  increase  of  50  deg.  above  the  temperature  which  prevailed  at 
the  time  the  roller  end  became  immovable  would  then  be 

Ho  =  343000  pounds. 
This  looks  like  an  enormous  stress,  but  when  it  is  remembered  that, 
if  the  ends  were  free  to  move  the  expansion  due  to  this  change  of 

''14  5  X  \^  X  50 
temperature  would  be  "    i'i'onn~ — ""  ^  ^'^^  ^°'^'^'   ^^   evidently  must 

take  an  enormous  force  to  altogether  prevent  such  movement.  The 
total  effect  of  full  live  load  and  an  increase  of  temperature  of  50 
deg.  would  then  be  Hj  +  H^  =  572,000  pounds.  But  this  is  more 
than  the  combined  maximum  live  and  dead  load  stress  in  the  bottom 
chord  which  amount  to  5  1 6,000  pounds. 

As  it  is  not  likely  that  the  stress  throughout  the  bottom  chord 
will  be  reversed,  it  is  certain  that  something  must  yield  before  this 
horizontal  end  push  is  reached.  The  vertical  reaction  from  live  and 
dead  load  is  392,000  pounds  and  hence,  if  the  friction  between  steel 
and  masonry  is  0.4,  the  total  frictional  resistance  becomes  392,000  x 
0.4  ^  1 5  7,000  pounds.  If  after  this  resistance  has  been  reached  the 
piers  still  remain  immovable  or  nothing  else  has  yielded  under  its 
influence,  then  the  span  ends  will  slide  on  the  masonry  and  the  push 
will  never  exceed  157,000  pounds.  The  movement  that  must  take 
place  in  order  to  limit  the  push  to  this  amount  can  be  figured  from 
the  expression  for  H3  by  putting  H3  =  572000 —  157000  = 
451000,  and  solving  for  y,  which  then  become  numerically 

451000X23.83X12X0,252      ^  no,-  •     u        i-     u  .■     n 

y  = 1^ — _: — : ^0.98b  inch  or  1  inch  practically. 

29,000.000 

Whether  the  movement  is  by  sliding  on  the  pier,  or  by  the  rock- 
ing or  yielding  of  the  pier  is  of  course  immaterial  as  far  as  the 
effect  of  the  movement  is  concerned.  It  is  probable  that  the 
movement  would  be  made  up  of  both  kinds.  Under  any  loading  or 
temperature  change  assumed  the  upper  limit  of  the  horizontal  re- 
sistance, can  in  this  manner  be  ascertained. 

Calculations  similar  to  those  given  here  for  a  truss,  can  be  made 
for  a  plate  girder.  One  difference  in  the  effect  on  the  two  kinds 
of  structures  is  that  the  horizontal  resistance,  if  developed,  affects 
only  the  bottom  chord  in  a  truss  but  modifies  the  stresses  through- 
out the  whole  section  in  a  plate  girder. 
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By  applying  the  same  general  principle  of  virtual  work,  upon 
which  the  formulas  for  trusses  were  derived,  to  a  girder,  expressions 
for  the  various  values  of  11  are  obtained  as  follows: 

LJ       J_.   ^-^-^     for  full  uniform  load  w. 

ui,  s  -^«   ^^^^ —    for  a  concentrated  load  P,  located 
distances    a,  and  b,  from  the  ends. 

In  addition  to  the  notations  already  used  these  formulne  contain 
the  following: 

r,  is  the  average  vertical  radius  of  gyration  of  girder; 

d,  is  the  half  depth  of  the  girder  b.  to  b.  of  flange  angles ; 

!„,  is  the  average  moment  of  inertia  of  the  girder ; 

1,  is  the  length  of  span  between  centers  of  supports. 

An  average  moment  of  inertia  I  of  a  girder  with  varying  cross- 
section  on  account  of  the  different  lengths  of  cover  plates,  is  ob- 
tained by  putting,  approximately 

where  I  represents  the  moment  of  inertia  for  the  part  c,  of  the 
length  1,  of  the  girder.  In  the  same  manner  the  average  cross- 
section  Aq  can  be  figured  from 

A-  — ^ 

and  finally  the  average  r  from 

.^g-  xl.e 

Let  us  take  as  a  numerical  example  a  loo-foot  deck  plate  girder, 
97  feet  8  inches  between  centers  of  supports,  9  feet  deep  over 
angles,  with  each  flange  composed  of  two  8-in.  x  8-in.  x  7^ -in.  angles, 
and  with  three  cover  plates  i8-in.  x  ?'8-in  x  j6  ft.,  64  ft.,  and  46  ft. 
long,  respectively ;  the  web  plate  being  io8-in.x  ^^-in.  The  same 
live  load  as  used  for  the  truss  will  produce  a  maximum  moment  of 
3,093,000  foot  pounds,  which  is  equivalent  to  the  effect  of  2,600 
pounds  uniform  load  =  w. 
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The  other  constants  are  I   =306190  and  A„:=  136  in  inches, 
hence  r'  ^  2270  or  r^  =  15.7  in  feet. 

The  horizontal  effect  due  to  Hve  load  is  then 

.2. 


^•~IZ*  15,7  +-^,5^. 

An  increase  of  i  deg.  of  temperature  will  make 


and  for  50  deg.  equals  567,000  pounds. 

A  yield  of  the  pier  of  ^/(-inch  would  produce  an  effect  of 

It  will  be  noticed  that  all  the  horizontal  resistances  in  this  case 
are  considerably  larger  than  for  the  truss,  which  may  seem  strange  ; 
but  the  explanation  is  that  the  masses  of  metal  affected  are  a  good 
deal  larger,  so  that  the  internal  work  by  direct  stress  and  bending, 
that  must  be  done  to  prevent  any  horizontal  movement,  must  neces- 
sarily be  large.  A  very  small  yielding  or  movement  by  or  on  the 
pier  will,  however,  greatly  relieve  the  pressure.  Again,  the  frictional 
resistance  is  considerably  smaller,  so  that  the  chance  for  movement 
is  correspondingly  large. 

Whatever  the  relieving  and  yielding  of  the  piers  or  movement 
thereon  may  be,  it  is  clear  that  the  horizontal  resistance  from  im- 
perfect roller  supports  must  be  considerable,  and  that  it  is  not  only 
to  take  care  of  the  traction  effect  that  it  is  good  policy  to  make  part 
or  all  of  a  bottom  chord,  stiff  members.  These  speculations  also 
show  the  necessity  of  using  large  rollers  that  will  readily  move  un- 
der the  expanding  or  contracting  tendency  of  the  span,  and  that 
small  rollers,  on  account  of  their  liability  to  get  stuck  easily,  are 
worse  than  useless. 

I  have  stated  on  page  124  that  the  length  of  span  has  nothing 
to  do  with  the  amount  of  horizontal  pressure  that  it  exerts  on  the 
immovable  support  on  account  of  a  change  of  temperature.  An- 
other illustration  of  that  fact  should  be:  if  we  had,  for  instance,  a 
post  fitted  in  tight  between  the  floor  and  the  ceiling,  as  in  the  case 
of  a  brace  in  a  mine.  No  matter  if  this  brace  is  5  or  50  feet  high, 
it  would,  for  an  increase  of  temperature,  press  the  same  amount 
against  the  floor  and  ceiling,  provided  it  had  the  same  cross-section 
and  remained  straight.  If,  again,  one  had  double  the  section  of 
the  other,  it  would  press  twice  as  hard,  even  if  it  happened  to  be 
the  short  one.  If  the  top  were  free  to  move,  the  amount  of  move- 
ment would  be  independent  of  the  section,  but  proportional  to  the 
length.  While  if  it  is  thus  restrained  the  pressure  is  independent 
of  the  length,  but  proportional  to  the  section. 


128  Discussion — Some  Points  in  Bridge  Design. 

There  is  another  thing  about  this  roller  business  that  is  puzzling. 
How  is  it  possible  that  roller  nests  ever  get  skewed,  which  they 
sometimes  do  ?  I  don't  suppose  there  is  a  span  provided  with 
rollers  that  has  got  a  dead  load  at  each  corner  of  less  than  eight 
or  ten  tons.  When  the  live  load  gets  on,  the  pressure  will  be  con- 
siderably more.  Still,  turning  movement  takes  place.  One 
explanation  that  I  would  venture  to  make  is  this:  A  bridge  is  a 
structure  that  is  supported  on  four  points,  the  same  as  a  chair. 
As  three  points  determine  a  plane,  it  is  several  millions  to  one  that 
the  fourth  point  does  not  lie  in  the  same  plane  as  the  other  three. 
If  the  bridge  seats  were  in  absolutely  the  same  plane,  we  can 
readily  see  that  two  diagonal  corners  do  not  press  down  on  the 
masonry  as  hard  as  the  other  two  diagonal  corners.  We  can 
imagine  a  case,  where  we  have  very  solid  sway  bracing  and  floor 
connections  and  where  the  masonry  is  not  true  to  the  proper  grade, 
in  which  one  corner  does  not  bear  at  all.  When  the  live  load 
comes  on  from  the  opposite  end  of  the  bridge,  there  will  be  a  vio- 
lent vibration  laterally  of  the  suspended  corner,  so  to  speak.  This 
vibration  might  be  sufficient  to  dislocate  the  rollers  a  trifle.  Re- 
peated a  few  thousand  times,  these  movements  will  amount  to 
something  and  in  the  long  run  cause  a  turning  of  the  roller  nest. 

I  have  called  attention  in  the  paper  to  the  fact  that  the  hori- 
zontal thrust  for  a  lOO-foot  plate  girder  is  more  than  for  a  200-foot 
truss,  and  in  a  general  way  ventured  an  explanation.  I  have  since 
thought  of  another  way  to  look  at  it,  which  is  this:  A  plate  girder 
with  immovable  ends  is  in  the  same  fix  as  a  two-hinged  solid  web 
arch  with  a  rise  of  half  the  depth  of  the  girder.  In  the  example 
given,  say  the  span  length  is  100  feet  and  the  rise  4.5  feet,  which 
gives  a  ratio  of  between  20  and  25  feet.  Such  an  exceedingly 
flat  arch  will,  of  course,  produce  extraordinarily  large  horizontal 
thrusts,  due  to  any  cause. 

In  the  case  of  the  truss  the  bottom  chords  can  be  compared 
with  a  column  which  is  directly  compressed  to  the  amount  of  the 
horizontal  pressure  of  the  masonry. 

DISCUSSION. 

Mr.  Modjeski,  M.  W.  S.  E.  (by  letter) — Mr.  Linday's  paper  is  of 
interest  and  of  value  because  it  calls  attention  to  the  importance  of 
good  design  of  expansion  bearings.  Although  there  is  generally 
far  more  care  shown  now  in  providing  for  proper  expansion  of  metal 
structures  than  there  was  ten  or  fifteen  years  ago,  the  importance 
of  this  detail  is  still  too  often  underrated.  The  following  case  which 
the  writer  had  occasion  to  report  upon  may  be  of  interest.  In  an 
existing  bridge  a  granite  pier  supports  two  expansion  bearings  of 
the  two  adjoining  400-foot  spans.    This  pier  was  originally  built  with 


I 
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the  central  portion  between  the  bearings  projecting  above  the  level 
of  end  pins,  the  object  being  to  provide  a  lateral  guide  for  the  end 
shoes.  On  this  block  of  masonry,  opposite  the  pins,  vertical  guide 
plates  were  attached  while  cast  guide  blocks  were  'screwed  on  the 
end  of  the  pins.  The  play  between  these  guide  blocks  and  plates 
was  very  small.  The  end  floorbeams  are  connected  rigidly  to  the 
shoes.  During  a  very  cold  winter  some  of  the  granite  blocks  ex- 
tending across  the  pier  in  the  central  portion  were  found  broken 
and  pulled  apart  several  inches.  The  writer's  explanation  is  that 
the  end  floorbeams,  contracting,  took  up  all  the  play  allowed  be- 
tween the  guide  blocks  on  the  piers  and  the  vertical  plates  on  the 
masonry  producing  sufficient  friction  to  prevent  sliding;  the  bot- 
tom chords  of  the  adjoining  spans  then  continued  to  contract  in 
opposite  directions,  wrecking  the  masonry. 

The  writer  observed  several  times  the  rocking  of  piers  under 
passing  trams  when  the  roller  bearings  were  not  in  working  order. 
This  is  due  of  course  to  the  change  in  length  of  the  bottom  chord 
under  load. 

It  is  quite  fortunate  for  the  metal  structures  with  defective  roller 
bearings  that  when  the  effect  of  temperature  stresses  in  the  bottom 
chords  is  of  the  same  sign  as  the  effect  of  live  load,  the  former  is 
reduced  by  the  application  of  live  load  owing  to  the  deformation 
of  the  chord,  and  that  when  the  effect  of  temperature  stresses 
in  the  bottom  chords  is  of  opposite  sign  to  the  effect  of  live 
load,  although  the  former  is  increased  by  the  application  of  the 
live  load,  the  resultant  stresses  being  of  opposite  sign  the  algebraic 
sum  seldom  exceeds  permissible  stresses.  This  may  account  for 
the  scarcity  of  failures  of  bridges  on  account  of  ineffective  expan- 
sion bearings,  except  failures  in  the  bearings  themselves,  such  as  the 
instance  given  by  the  author  of  the  paper. 

Not  so  with  the  masonry  which  is  not  designed  for  alternating 
horizontal  stresses.  It  is  here  that  damage  generally  appears  and 
it  is  to  avoid  this  damage  more  than  any  possible  abnormal  stresses 
in  the  metal  that  great  care  should  be  exercised  in  providing  proper- 
ly designed  expansion  joints  and  bearings. 

No  rollers  less  than  5  inches  or  6  inches  in  diameter  should  ever 
be  used.  The  writer  uses  now  9-inch  segmental  rollers  on  plate 
girders  from  60  to  100  feet  and  12-inch  segmental  rollers  for  spans 
above  100  feet.  On  very  long  spans  larger  rollers  even  should  be 
used.  15-inch  rollers  were  used  in  the  Memphis  and  18-inch  will 
be  used  in  the  Thebes  bridges. 

The  roller  bed  should  be  placed  above  the  masonry  at  a  reason- 
able height,  never  less  than  6  inches  and  if  practicable  12  inches  or 
more.  This  is  for  the  purpose  of  keeping  it  clear  from  cinders  and 
dirt.     The  slight  additional  expense  of  a  well  designed  bearing  will 
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be  more  than  repaid  in  the  saving  and  preservation  of  the  masonry, 
not  speaking  of  the  greater  security  of  the  metal  structure. 

Mr.  J.  W.  Sc/iaub,  M.  W.  S.  E.  (by  /tV/^/'y)— Referring  to  the 
paper  by  Mr.  George  N.  Linday,  M.  W.  S.  E.,  regarding  the  effect 
on  trusses  and  plate  girders,  due  to  imperfect  roller  bearings,  the 
author  no  doubt  refers  to  the  failure  of  an  I-beam  wall  plate,  or 
pedestal,  which  failed  in  a  bridge  at  Hamilton,  Ohio,  during  Jan- 
uary, 1899. 

The  fi.xed  load  on  this  pedestal  was  about  825,000  pounds,  so 
that  the  work  called  upon  to  do  by  the  I-beams  was  considerable. 
The  beams  were  unsupported  sideways,  being  free  to  fail  in  either 
direction.  As  the  top  of  the  pedestal  moved  away  from  the  abut- 
ment, the  failure  was  not  due  to  a  movement  of  the  abutment,  as 
is  common  in  such  cases,  but  was  undoubtedly  due,  indirectly,  by 
the  rollers  at  the  other  end  of  the  bridge  not  being  free  to  move, 
as  stated  by  the  author.  However,  there  are  many  bridges  in  use 
in  this  country  to-day  in  which  the  rollers  do  not  move,  for  various 
reasons,  and  so  far  no  serious  difficulty  has  arisen  on  this  account. 

The  writer  remembers  examining  a  bridge  on  a  western  road  in 
1885  which  had  no  rollers  whatever,  although  the  bridge  was  100 
feet  long — a  deck  span  with  vertical  end  posts.  To  be  sure,  the 
effect  of  temperature  changes  and  loading  caused  something  to 
happen;  and  what  happened  was,  that  the  end  bottom  chord,  which 
was  a  stiff  member,  composed  of  two  6-inch  channels  about  1 7  feet 
long,  was  distorted  permanently  about  4  inches  out  of  line,  and 
every  time  a  train  moved  over  the  bridge  at  high  speed  this  mem- 
ber would  yield  very  gracefully,  very  much  like  a  wagon  spring. 
What  would  have  happened  in  case  this  member  failed,  the  writer 
is  not  prepared  to  say;  it  is  sufficient,  however,  to  say  here  that  the 
bridge  was  put  on  false  work  immediately 

Quite  recently,  on  another  railroad,  the  writer  found  a  number 
of  spans  200  feet  long  in  which  the  rollers,  only  2  inches  in  diam- 
eter, were  so  badly  skewed  as  to  preclude  the  possibility  of  their 
moving,  and  the  result  was  that  the  spans  would  slide  back  and 
forth  on  the  tops  of  these  rollers  without  any  difficulty  whatever. 

In  another  case,  segmental  rollers  12  inches  in  diameter  under 
spans  440  feet  long,  double  track,  were  found  in  a  condition  show- 
ing that  the  rollers  did  not  roll  back  into  a  normal  position,  and 
had  to  be  straightened  up  once  every  year.  The  most  curious 
thing  in  regard  to  this  latter  case  is  that  the  rollers  are  invariably 
found  in  a  position  inclined  away  from  the  end  of  the  span.  In 
any  form  of  segmental  roller,  it  can  be  shown  that  the  deformation 
of  the  roller,  when  in  a  vertical  position,  is  entirely  different  from 
the  deformation  when  the  roller  is  in  an  inclined  position,  ami  this 
theory  is  confirmed  by  the  fact   that   the  rollers  in  this  case  are 
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always  found  in  a  position  inclined  away  from  the  ends  of  the  span. 

Assuming  the  rollers  to  stand  plumb,  any  changes  due  to  tem- 
perature, from  day  to  day,  would  be  inappreciable  compared  to  the 
extent  of  increase  in  the  length  of  the  bottom  chord  when  the 
load  comes  on,  so  that  the  first  appreciable  movement  of  the  rollers 
takes  place  when  the  moving  load  first  comes  on  the  span,  and  then 
the  movement  of  the  rollers  is  always  in  one  direction;  that  is, 
away  from  the  end  of  the  span.  To  be  sure,  the  rollers  may 
recover  some  of  this  movement,  but  probably  not  all  of  it,  because 
they  have  suffered  their  greatest  deformation  when  the  load  is  on 
the  span,  the  rollers  being  then  in  an  inclined  position;  and,  in 
order  to  roll  back,  they  must  lift  the  end  of  the  span  by  an  amount 
equal  to  the  difference  between  the  vertical  deformation  of  the 
rollers  when  inclined  and  when  standing  plumb,  which  they  evi- 
dently cannot  do,  owing  to  the  span  being  free  to  slide  over  the 
tops  of  the  rollers.  In  other  words,  when  the  end  of  the  span 
moves  it  goes  down  hill,  and  never  comes  back  all  of  the  way. 
This  action  is  cumulative,  and  shows  its  results  as  stated.  It  must 
be  borne  in  mind  that  it  takes  over  a  year  to  produce  any  appre- 
ciable results  in  the  position  of  the  rollers,  so  that  the  action  of  a 
single  load  passing  over  the  bridge  would  be  inappreciable.  In 
this  case,  the  friction  to  slide  cannot  be  great,  for  it  can  be  shown 
that  the  co-efficient  which  resists  sliding  must  be  less  than  o.  lo. 

It  might  be  well  to  speak  here  of  the  danger  connected  with  the 
use  of  segmental  rollers  in  turning  completely  over.  As  commonly 
designed,  segmental  rollers  are  prevented  from  overturning  by  a 
sidebar  with  a  hook  at  each  end.  If  this  hook  fails,  or  the  bolts 
attaching  the  bars  to  the  ends  of  the  rollers  are  sheared  off,  there 
is  nothing  to  prevent  the  end  of  the  span  from  coming  down,  hence 
it  is  of  the  utmost  importance  that  segmental  rollers,  as  commonly 
designed,  should  not  be  permitted  to  get  very  far  out  of  plumb. 

If  the  sides  of  the  segmental  rollers  are  made  plane  surfaces,  it 
is  possible  to  design  a  segmental  roller  which  will  not  overturn  un- 
der any  circumstances,  and  such  rollers  have  been  designed  by  the 
writer  and  are  now  used  in  a  number  of  bridges  since  1899. 

In  any  event,  the  writer  has  never  found  any  case  in  which  the 
ends  of  a  span  were  held  rigidly  enough,  so  as  to  prevent  a  free 
movement  of  the  pier  under  it ;  and,  in  several  cases  it  has  been 
found  that  the  pier  or  abutment  has  been  moved  out  of  line  from 
under  span,  so  that  the  friction  which  is  overcome  could  not  have 
been  of  any  serious  moment.  To  be  sure  in  the  case  of  the  bridge 
noted  by  the  author  something  did  happen,  but  it  is  doubtful  if 
anyone  would  have  been  the  wiser  if  the  I-beam  pedestal  had  been 
properly  designed. 
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RAILWAY  BRIDGE  CALCULATION  BY  END  SHEAR  TABLE. 

Kv  JosiAH  Gibson,  M.  W.  S.  E. 

We  have  before  us  a  method  for  the  calculation  of  stresses  in 
girders  and  trusses  which  will  greatly  facilitate  speed  and  accuracy. 
The  tables  here  given  are  calculated  for  one  rail  and  using  a  load- 
ing of  two  188.5  tons  engines  followed  by  5,000  pounds  per  linear 
foot  of  track.  This  is  the  new  standard  loading  of  the  Northern 
Pacific  Railway. 

The  tables  give  the  end  shear  in  thousands  of  pounds  for  that 
portion  of  the  load  which  would  come  on  the  span  given,  to  the  left 
or  the  right  of  the  wheel  indicated,  but  this  end  shear  does  not  in- 
clude the  wheel  load  at  the  point.  Table  i  gives  end  shears  up 
to  a  span  of  50  feet.  Table  2  gives  end  shears  of  each  alternate 
span  length  from  52  feet  to  150  feet  inclusive.  End  shears  for 
spans  omitted  in  table  2  can  be  obtained  by  interpolation. 

In  these  tables  the  position  of  maximum  reaction  is  indicated 
by  a  line  above  the  figure.  The  position  of  maximum  reaction 
for  two  successive  spans  is  indicated  by  a  plus  sign  between  the 
figures.  There  is  always  one  position  shown  for  each  condition 
under  each  span.  There  may  be  two  or  more  positions  shown  which 
give  the  same  result.     Thus : 

If  we  refer  to  the  40-foot  span,  table  i,  we  see  that  the  position 
of  maximum  end  reaction  is  when  wheel  2  or  wheel  1 1  is  at  the 
left  of  the  span.  The  end  shear  of  the  load  on  the  span  is  72,900 
and  the  wheel  load  is  26,000,  which  is  a  total  of  98,900  as  the 
maximum  end  reaction.  We  also  see  by  the  plus  sign  that  when 
wheel  1 3  is  at  the  point  of  support  between  the  two  successive 
spans  the  reaction  at  this  point  is  the  greatest  and  is  equal  to  59,- 
500  for  span  to  left  of  wheel  13  and  56,300  for  the  span  to  right 
and  a  wheel  load  of  26,000,  which  gives  a  total  load  of  141,800 
pounds  for  one  rail. 

We  may  vary  this  by  the  following  problem : 

Find  the  maximum  live  load  reaction  on  the  pier  between  a  120- 
foot  and  a  140-foot  span.  The  plus  sign  indicates  that  wheel  15 
gives  the  maximum  between  two  120-foot  spans  and  wheel  17  gives 
the  maximum  between  two  140-foot  spans. 

If  we  add  the  separate  results  for  1 20-foot  spans  to  those  for 
140-foot  span  under  wheel  15  and  likewise  under  wheel  16  and  17, 
always  adding  a  left  hand  result  to  a  right  hand  result,  we  will  find 
the  maximum.  Thus  :  For  a  1 20-foot  span  to  the  left  of  wheel  1 5 
there  is  an  end  shear  of  185,000  and  for  a  140-foot  span  to  the 
right  of  wheel  15  an  end  shear  of  178,500  and  a  wheel  load  of  18,- 
000,  which  is  a  total  of  381,500  pounds  live  load  for  one  rail. 

We  will  now  take  up  a  method  for  finding  flange  stress  from  the 
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table.  Any  span  can  be  divided  into  two  equal  or  unequal  parts. 
The  reaction  of  the  loads  on  the  span  are  now  found  at  the  point 
of  division.  The  reaction  thus  found  is  an  equivalent  concentrated 
load,  which  applied  at  the  point  of  division  will  give  the  same  bend- 
ing moment  at  this  point  as  is  given  by  the  loads  on  the  span.  If 
the  load  thus  found  was  a  maximum,  then  the  moment  given  by  this 
concentrated  load  is  a  maximum  moment  for  this  point. 

The  above  method  of  determining  a  maximum  moment  can  be 
used  at  any  panel  point  on  a  through  span.  The  method  can  be 
used  on  any  deck  span  and  will  give  a  maximum  moment  at  that 
point  but  not  necessarily  for  the  span.  In  deck  spans,  after 
finding  the  position  which  will  give  the  maximum  at  the  center  of 
the  span,  we  can  move  the  load  until  its  position  meets  the  require- 
ments for  maximum  moment  and  then  find  the  moment. 

These  remarks  can  best  be  illustrated  by  assuming  some  problem 
as  will  follow.  While  a  through  girder  has  been  taken,  yet  much 
of  the  calculation  of  a  through  truss  span  is  similar. 

Find  the  live  load  stresses  in  a  90-foot  through  plate  girder  span 
which  has  stringers,  7-foot  centers  and  the  girders  15 -foot  centers. 
The  span  to  have  five  panels  at  18  feet  each. 

For  maximum  moment  of  18-foot  stringers,  look  for  maximum 
reaction  of  two  successive  9-foot  spans  which  the  plus  sign  shows 
occurs  at  wheel  3,  4,  12  and  13.  The  reactions  are  11,600,  plus 
1 1,600,  plus  a  wheel  load  of  26,000,  or  a  total  of  49,200  and  the 
moment  is  49,200  times  1 8,  divided  by  4,  equals  22 1 ,400- foot  pounds. 
It  will  be  observed  that  the  position  of  this  load  is  correct  for  maxi- 
mum moment  and  so  it  need  not  be  moved. 

Maximum  end  reaction  for  18-foot  stringer  occurs  at  wheel  2,  5, 
II  or  14,  and  is  34,700,  plus  a  wheel  load  of  26,000,  equals  60,700. 
Distance  between  stringer  and  girder  is  4  feet.  Maximum  moment 
for  end  floor  beam  is  60,700  times  4,  equals  242,800-foot  pounds. 

Maximum  load  for  intermediate  floor  beam  between  two  18-foot 
spans  occurs  when  a  wheel  4  or  13  is  over  the  floor  beam  and  is 
30,300,  plus  22,800,  plus  26,000  wheel  load,  which  equals  79,100. 
Maximum  moment  for  intermediate  floor  beam  is  79,100  times 
4,  equals  316,400  foot  pounds. 

Maximum  end  reaction  for  90-foot  girder  is  when  wheel  2  is  at 
the  end  of  girder  and  is  153,500,  plus  26,000,  which  is  179,500. 
For  maximum  moment  at  first  panel  point  we  compare  an  18- 
foot  span  with  a  72-foot  span  and  find  wheel  4,  11,  12  or  13  will 
give  the  maximum.  We  will  also  include  wheel  3  in  our  comparison 
as  there  is  very  little  difference  between  wheel  3  and  4  for  18-foot 
span.  An  18-foot  span  to  the  left  of  wheel  3  gives  22,300  and  a 
72-foot  span  to  the  right  gives  1 14,500  and  a  wheel  load  of  26,000, 
which  is  a  total  concentrated  load  of   162,800  pounds.     The  maxi- 
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mum   moment   at   the  first  panel  point  then   is  162,800  times  72, 
times  18,  divided  by  90,  which  equals  2,344,300  foot  pounds. 

For  maximum  moment  at  second  panel  point  a  36-foot  span  is 
compared  with  a  54-foot  span.  Thus  a  54-foot  span  to  the  left  of 
wheel  1 3  gives  79,400  and  a  36-foot  span  to  the  right  gives  50,500 
and  a  wheel  load  of  26,000,  which  is  a  total  of  155,900  pounds. 
The  maximum  moment  at  the  second  panel  point  is  155,900  times 
54,  times  36,  divided  by  90,  which  equals  3,367,400  foot  pounds. 
The  maximum  shear  at  the  panel  point  is  now  to  be  considered. 
The  concentration  at  this  point  for  the  loads  in  the  panel  to  the 
left  and  on  the  remainder  of  the  span  to  the  right  is  found.  Also 
the  concentration  at  each  panel  point  to  the  left  for  loads  in  their 
adjacent  panels.  The  difference  is  then  found  between  the  mo- 
ment of  the  first-found  concentration  around  the  right  hand  end  of 
the  span  and  the  moment  of  the  other  concentrations  around  the 
left  hand  end.  The  difference  thus  found  divided  by  the  span 
length  is  the  shear.  The  shear  is  a  maximum  when  the  difference 
is  maximum. 

There  will  be  no  concentration  on  the  span  to  the  left  when  the 
first  panel  point  is  considered  and  so  the  shear  is  maximum  when 
the  concentration  at  the  point  is  maximum.  In  this  case  then  the 
position  is  the  same  as  for  maximum  moment.  Thus  at  the  first 
panel  point  of  our  90- foot  girder  the  concentration  was  found  to  be 
162,800.  The  shear  is  then  162,800  times  yi,  divided  by  90,  equals 
130,200. 

For  shear  at  second  panel  point  let  us  try  wheel  3.  The  concen- 
tration between  an  18-foot  span  and  a  54-foot  span  is  22,300,  plus 
84,100,  plus  26,000,  equals  132,400.  The  reaction  at  first  panel 
point  is  16,300.  The  moment  of  132,400  around  the  right  end  and 
16,300  around  the  left  end  and  the  result  divided  by  90  is  76,200, 
which  is  the  shear.  If  wheel  2  or  4  was  compared  we  would  find 
wheel  3  gave  the  maximum.  We  do  not  compare  any  other  wheels 
because  the  concentration  at  the  panel  point  would  be  smaller  and 
the  concentration  to  the  left  would  be  larger. 

The  examples  used  in  this  paper  were  taken  at  random.  The 
same  problems  were  calculated  by  wheel  loads  but  not  referring  to 
the  tables  and  the  results  compare  with  the  results  as  given  by  the 
table.  The  greatest  difference  was  found  in  the  moment  of  the 
18-foot  stringers  which  was  one-third  of  i  per  cent  too  large.  The 
average  difference  in  results  was  one-thirteenth  of  i  per  cent. 

It  will  be  observed  that  the  dead  load  can  be  added  into  any  of 
these  calculations  and  can  be  more  nearly  obtained  by  having  the 
live  load.  The  bridge  engineer  can  vary  the  tables  as  he  sees  best, 
by  calculating  fewer  spans  or  by  carrying  the  tables  further. 

The  time  to  calculate  and  talDulate  Table  1  took  the  author  less 
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than  32  hours  by  actual  count,  and  Table  2  about  40  hours.  Engine 
diagrams  havyig  wheel  loads  in  fractions  of  thousands  and  distance 
between  loads  in  fractions  of  feet,  will  vary  the  work  and  time  to 
calculate. 

DISCUSSION. 

Mr.  Parkhurst — I  would  like  to  ask  Mr.  Gibson  if,  in  his  estima- 
tion, it  is  desirable  to  work  out  detailed  tables  of  this  kind  for  a  very 
large  number  of  engines,  or  whether  in  actual  practice  it  is  not 
enough  to  use  the  distributed  weights  of  one  heavy  engine  to  pre- 
pare such  a  table  and  do  the  other  work  in  perhaps  some  less  cum- 
bersome way  ? 

Mr.  Gibson — I  would  not  advise  the  calculation  of  such  a  table 
for  very  many  engines,  but  I  can  give  an  illustration.  A  heavy  en- 
gine will  give  a  large  moment  on  a  long  span.  I  do  not  think  I  am 
giv^ing  anything  away  when  I  state  that  one  of  the  railroads  enter- 
ing Chicago  thought  they  would  try  to  run  all  the  engines  over  their 
standard  pile  bridge  to  see  which  would  give  the  heaviest  moment. 
They  commenced  with  the  heaviest  engine  and  ran  down  the  list 
until  they  got  to  a  little  switch  engine  which  was  tenth  in  their  list. 
That  gave  a  larger  moment  than  any  of  the  other  engines.  Had 
there  been  a  diagram  like  this  for  each  engine  you  could  have  seen 
at  a  glance  that  the  switch  engine  would  give  a  larger  moment. 

Mr.  Parkhurst — The  refinement  of  calculating  out  a  table  of  this 
kind  for  small  fractions  of  a  foot,  rather  than  having  them  in  gen- 
eral terms,  was  more  what  I  alluded  to.  In  figuring  out  a  lot  of 
bridge  stresses  for  different  styles  of  engines  our  experience  has 
been  that  we  have  such  an  immense  variety  of  engines  that  to  make 
calculations  for  one  of  every  kind  would  keep  a  large  office  force 
busy  a  good  deal  of  the  time.  We  have  thought  it  sufficient  to 
take  certain  typical  engines  and  make  detailed  calculations  for  their 
loading,  and  judge  of  other  engines  by  comparison  on  common 
grounds,  rather  than  on  minute  fractions  and  figures.  I  presume 
the  experience  of  other  roads  is  very  similar. 

You  will  remember  that  this  paper  compares  in  a  general  way 
with  one  presented  a  few  weeks  ago — by  a  fellow  member,  Mr. 
Sanne.* 

Mr.  Gibson — Mr.  Sanne's  paper  illustrated  a  graphical  method  of 
finding  stresses.  I  believe  he  stated  you  could  find  the  position  of 
maximum  moment  by  judgment — picking  out  the  wheel  you  thought 
would  give  the  largest  moment,  and  finding  out  what  the  maximum 
would  be  from  that.  Or,  after  trying  this  wheel,  if  you  thought  an- 
other wheel  would  give  a  greater  moment,  try  that.  You  notice 
that  in  the  table  here  presented  the  wheel  that  will  give  the  maxi- 

*  Journal,  Feb.,  1904,  VIII,  p.  34. 
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mum  moment  is  indicated  by  a  plus  sign.  You  find  that  position 
by  adding  the  two  reactions  and  the  wheel  load  together.  Wherever 
this  concentration  is  a  maximum,  then  the  moment  will  be  the  maxi- 
mum. Mr.  Sanne  did  give  a  table  that  showed  the  wheel  reaction 
from  one  wheel  for  spans  in  each  direction,  which  would  be  equiv- 
alent to  one  column  of  this  table.  However,  he  did  not  go  into  the 
finding  of  moments  or  shears  from  such  a  table. 

Mr.  Parkliiirst — In  listening  to  Mr.  Linday's  paper  there  was  one 
point  that  came  to  mind,  and  that  was,  if  I  remember  the  statement 
correctly,  that  it  was  very  rare  that  the  four  points  of  support  were 
in  the  same  plane,  and  the  statement,  if  I  got  the  right  impression, 
was  intended  to  carry  the  idea  that  rigidity  of  the  truss  would  be 
enough  to  cause  possibly  one  of  those  points  to  bear  with  a  great 
deal  less  load  than  it  should  on  the  masonry  or  the  support,  what- 
ever it  might  be.     Am  I  right  t 

Mr.  Linday — Yes,  that  was  the  idea. 

JMr.  Parklnirst — You  would  not  say  that  of  the  truss  span, 
would  you  t 

Mr.  Linday — I  would,  if  it  had  very  substantial  bracing.  If  the 
floor  is  riveted  solidly  to  the  posts,  and  the  stringers  likewise  to  the 
floor  beams,  so  that  there  is  a  rigid  structure  throughout,  then  if  it 
should  happen  that  the  masonry  under  one  corner  settled  more  than 
at  the  other  corners  you  would  have  a  case  where  two  diagonal  cor- 
ners would  bear  more  than  two  other  corners. 

Mr.  ParkJiurst — I  have  in  mind  a  case  where  a  solid  floor  bridge 
was  built  over  another  railroad  and  supported  on  heavy  masonry 
abutments.  The  bridge  was  on  a  tangent,  but  the  curve  began  on 
an  embankment  200  or  300  feet  from  the  end  of  the  bridge,  and  it 
became  desirable  to  give  a  greater  elevation.  The  bridge  was  jacked 
up  and  tihe  easterly  end  of  the  bridge  was  tilted,  and  it  was  expected 
that  we  would  have  trouble  with  the  other  end.  However,  we  did 
not  meet  any  trouble  of  that  kind  at  all.  The  floor  was  very  heav- 
ily bracketed  to  the  posts,  fastened  to  web  plates  in  the  usual  way, 
everything  being  square  and  riveted  up  very  snugly  indeed. 

Mr.  Linday — This  was  just  an  attempt  to  explain  how  the  roll- 
ers might  get  skewed.  In  most  cases  there  are  at  least  ten  tons  on 
the  roller  rests,  but  nevertheless  they  do  get  skewed.  Ten  tons  is  a 
considerable  pressure  and  they  cannot  get  skewed  unless  the  pres- 
sure is  diminished  considerably.  I  remember  a  case  of  a  150-foot 
span  with  small  rollers  where  this  movement  had  taken  place. 

Mr.  ParkJiurst — Were  those  rollers  held  in  place  .-• 

Mr.  Linday — I  cannot  say  as  to  that.  The  case  I  mentioned  was 
a  bridge  over  the  Mississippi  River  near  Clinton.  I  went  down  and 
looked  at  it  and  saw  that  it  was  skewed.  I  do  not  suppose  anybody 
knows  the  exact  reason. 
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Mr.  Parkhitrst — We  have  found  in  some  cases  that  the  sand  has 
a  trick  of  blowing  in  to  the  nest  of  rollers,  and  that  sand  will  get 
under  the  rollers  and  act  as  a  wedge,  and  very  funny  things  will 
happen. 

Mr.  Linday — It  might  happen  also  that  the  pier  would  settle 
more  in  one  end  than  the  other.  Then  you  would  have  less  pres- 
sure there. 

Mr.  Parkhurst — One  thing  occurred  to  me  in  reading  Mr.  Gib- 
son's paper.  I  think  it  would  have  been  better  if  more  explanations 
had  been  given  in  figuring  out  the  tables.  He  says  in  one  case, 
"any  span  can  be  divided  into  two  equal  and  unequal  parts."  By 
this  he  means  that  the  span  is  supposed  to  be  cut  off  at  that  point, 
then  he  figures  his  reaction  as  given  here.  That  was  very  hard  to 
understand  in  the  paper.     That  is  the  idea,  is  it  not  ? 

Mr.  Gibson — The  bending  moment  at  any  point  in  the  span  is 
the  amount  of  reaction  you  would  get  on  a  pier  at  that  point.  That 
is  what  causes  your  bending  moment  at  any  point  and  what  you 
must  take  care  of.  Therefore,  your  bending  moment  is  the  same 
as  if  you  put  a  load  at  that  point  and  figured  it  for  that  concentra- 
ted load. 

There  is  one  thing  I  might  add  about  figuring  a  table  like  this. 
It  is  not  so  hard  if  you  go  about  it  in  the  right  way.  Do  not  cal- 
culate loads  for  different  wheels  for  each  span,  but  go  down  a  col- 
umn. Begin  at  one  wheel  and  find  the  moment  for  each  span  and 
then  calculate  the  reactions  right  down  the  column.  I  have  culcu- 
lated  in  table  2  a  column  in  an  hour  and  tabulated  it.  I  carry 
along  with  me  a  system  of  checks.  I  figure  the  moment  at  every 
wheel  load;  that  gives  it  for  every  5,  6  or  10  feet  and  when  pass- 
ing any  of  these  wheels  see  if  my  moment  is  the  same,  which  gives 
a  check  on  the  work.  Then  the  way  I  checked  my  table  was  to 
figure  the  last  span  for  each  wheel.  I  have  used  these  tables  quite 
a  little  and  they  have  only  been  checked  in  my  calculating,  yet  in 
30  problems  which  I  calculated  for  the  shear  in  the  span  itself,  I 
have  found  that  the  average  result  was  -V  of  ^  PS'^  cent  variation 
only.     So  it  shows  that  the  tables  are  practically  correct. 

Mr.  Parklnirst — Is  it  not  a  fact  that  in  most  tables  you  find 
there  is  a  certain  law  of  increment  that  governs  the  increase  or  de- 
crease in  the  results  either  across  the  line,  or  up  and  down } 

Mr.  Gibson — You  will  find  that  true  in  table  2.  The  longer  the 
span,  the  more  nearly  equal  will  the  load  average.  However,  each 
result  in  the  table  was  found  by  calculation. 

Mr.  Garrett  Davis — What  percentage  for  impact  was  allowed  } 

Mr.  Gibson — There  was  no  impact  allowed  in  the  table,  and  the 
percentage  would  have  to  be  determined  on  the  allowed  percentage 
by  the  railroad. 
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Mr.  Davis — Is  there  any  uniform  practice  as  to  the  percentage 
for  impact  ? 

^fr.  Gibson — I  do  not  think  there  is  any  uniform  method  of  fig- 
uring it  from  some  fixed  per  cent. 

Mr.  Dai'is — Cooper's  specifications  take  care  of  impact  by  using 
a  low  stress  per  square  inch.  I  suppose  the  only  way  to  figure  it 
is  to  take  the  deflection  into  account.  If  there  is  no  deflection, 
there  is  no  impact.  I  would  like  to  know  what  is  customary  or 
what  is  the  usual  percentage  to  allow  for  impact. 

Mr.  Linday — If  you  refer  to  the  American  Bridge  Company's 
specifications,  I  think  you  will  find  the  best  method  in  them. 

Mr.  ParkJiurst — The  specifications  made  by  Mr.  C.  C.  Schneider, 
formerly  of  the  American  Bridge  Co.,  contained  a  very  extensive  dis- 
cussion of  that,  and  carried  it  all  out. 

I  have  been  in  the  habit  of  making  different  allowances  on  ac- 
count of  different  cases. 

Mr.  Gibson — One  formula  is  40  per  cent  minus  four  times  the 
square  root  of  the  length  of  load  producing  the  impact.  That  is,  if 
you  have  a  100-foot  span  or  more,  the  square  root  of  it  would  be 
10  per  cent ;  four  times  that  would  be  40  per  cent,  and  you  would 
allow  no  impact  on  anything  over  100-foot  span.  You  allow  a  per- 
centage under  that  according  to  your  span,  up  to  40  per  cent.  I 
do  not  quite  agree  with  that  formula,  because  I  think  a  short  span — 
say  an  1 8-foot  stringer  in  a  long  span — need  not  be  figured  as  high 
for  impact  as  if  it  came  in  a  shorter  span.  I  think  impact  should 
be  considered  for  deflection,  and  where  there  is  no  deflection,  the 
impact  should  be  high.  But  where  the  stringer  or  floor  beam  oc- 
curs in  a  long  span,  the  deflection  on  a  span  will  help  to  take  up 
the  impact  due  to  the  suddenness  of  the  load,  and  therefore  need 
not  be  considered  as  high  in  a  shorter  span. 
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At  the  time  a  promise  was  made  to  prepare  a  paper  on  this  sub- 
ject for  presentation  before  the  Society,  it  was  anticipated  that  be- 
fore the  date  at  which  the  paper  was  to  appear  would  be  reached, 
further  data  would  be  forthcoming.  In  this  hope,  however,  the 
writer  has  been  disappointed,  and  begs  therefore,  to  apologize  for 
the  incompleteness  of  the  paper,  hoping  merely  that  it  may  bring 
out  some  discussion  and  statement  of  experiences  of  members  who 
have  had  greater  opportunities  to  note  more  closely  what  has  been 
accomplished  and  what  have  been  the  drawbacks  to  this  form  of 
combustion. 

The  writer's  attention  was  first  directed  to  this  subject  about 
1889  when  Erastus  Wiman,  then  particularly  active  as  a  promoter 
in  new  departures,  called  attention  to  the  possible  economy  to  be 
effected  by  the  use  of  fuel  in  a  powdered  form.  It  is  sufficient  to 
say  that  so  far  as  the  writer  knows  the  undertakings  at  that  time 
with  which  Mr.  Wiman  was  connected  were  unsatisfactory  in  their 
results,  and  that  a  part  of  this  result  was  chargeable  to  the  high 
cost  of  pulverization. 

Of  recent  years,  and  particularly  with  the  progress  of  the  manu- 
facture of  cement  pulverizing  machines,  methods  have  been  so  per- 
fected that  it  may  be  safely  stated  that  pulverization  of  most  coals, 
particularly  when  dried,  can  be  secured  within  a  cost  of  lo  cents 
per  ton. 

At  the  present  tim.e  the  methods  being  experimented  upon  for 
the  use  of  pulverized  coal  as  fuel  under  steam  boilers  seem  to  be 
divided  into  two  classes:  One  where  the  material  is  pulverized  in  a 
detached  pulverizing  plant  and  the  product  conveyed  to  hoppers 
over  feeding  machines  in  front  of  the  boiler,  and  the  other  where 
an  independent  pulverizing  machine  is  used  and  discharges  its  pro- 
duct immediately  into  the  combustion  chamber. 

As  a  sub-division  of  the  class  first  named  there  seems  to  be  two 
methods :  One  where  the  pulverized  coal  is  fed  into  a  combustion 
chamber  by  the  use  of  a  circular  brush  usually  made  of  steel  bristles, 
and  the  other  where  material  is  fed  in  by  a  blast  of  air  or  steam. 
So  far  as  the  evaporative  economy  of  these  methods  is  concerned 
there  seems  to  be  but  little  choice,  and  advocates  who  have  had 
experience  may  be  found  with  preferences  for  both  plans. 

In  this  paper  it  is  thought  best  to  confine  the  matter  entirely  to 
the  mechanical  operation  and  to  avoid  any  statements  in  reference 
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to  chemical  results,  except  so  far  as  evaporation  may  be  noted. 
Again,  it  is  fair  to  say  that  the  only  substantial  data  which  is  avail- 
able to  the  writer  applies  to  the  brush  type  of  machine,  Fig.  i,  for 
feeding. 

The  following  table  of  evaporations  secured  will  give  a  very  fair 
idea  of  what  may  be  expected  in  the  way  of  such  results  from  fuels 
prepared  in  this  way ; 

Water  evaporated  from  196°  and  194*^         i.  11. 

cu.  ft 639  886 . 2 

Fuel  burned,  lbs 4205  5894 

Steam  pressure,  lbs 125  130 

Factor  of  evaporation i  .  06  i .  06 

Water  evaporated  from  andat2 1 2'^,lbs.40756  56569 

Fuel  burned,  lbs 4205  5894 

Lbs.  of  water  evaporated  from  and  at 

212''  per  lb.  fuel 9.7  9.6 

H.  P.  developed 1 182  1640 

H.  P.  units  per  hour 272 

Lbs.  coal  per  H.  P.  developed 3.5  3-59 

The  analysis  of  fuel  in  the  first  column  is  not  known.  That  of 
the  second  table  is  as  follows : 

Fixed  carbon 54  •  70 

Volatile  matter 34  ■  80 

Ash,  sulphur  and  moisture 10.  50 

I 00 . 00 

Of  coals  used  in  some  trial  runs  and  compared  to  hand  firing  the 
gain  in  the  use  of  the  coal  pulverized  as  compared  to  hand  fired 
was  as  follows : 

GAIN. 

No.  I.     Evaporation  per  fuel,  25  per  cent. 

Evaporation  per  combustible,  24^  per  cent. 
Pounds  fuel  per  H.  P.  units  developed,  21  ^  per  cent. 
Pounds  combustible  per  H.  P.  units  developed  2 1  per  cent. 

No.  2.     Evaporation  per  fuel,  12  per  cent. 

Evaporation  per  combustible,  1 2  per  cent. 

Pounds  fuel  per  H.  P.  units  developed,  12.6  per  cent. 

Pounds  combustible  per  H.  P. units  developed,  1 3  per  cent. 
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As  deduced  from  the  following  data: 

No.    I .                                                     Pulverized.  Hand  Fired. 

Water  evaporated  from  198" 2656.  5  cu.  ft.     3258 . 1 5  cu.  ft. 

Fuel  burned 18040  lbs.  27568 

Combustible  burned  (see  Anal.).  .     16 146  lbs.  24674 

Steam  pressure 129  lbs.  126  lbs. 

Chimney  draught iVi"-  water  col.    ^    " 

Stack  temperature 490°  580*^ 

Factor  of  evaporation i .  06  i  .  06 

No.  2. 
Water  evaporated  from  and    at 

212° 169262  lbs.    207633  lbs. 

Fuel   burned 18040  lbs.  27566  lbs. 

Combustible  burned 16146  lbs.  24674  lbs. 

Water  evaporated  per  lb.  of  fuel 

from  and  at  2 1 2  ^ 9.4  7.5 

Water  evap.  per  lb.  combustible 

from  and  at  2 1 2 '^ 10.47  8-4 

H.  P.  units  developed 4907  6018 

H.  P.  units  developed  per  hour..  .       204  250 

Lbs.  of  fuel  per  H.  P.  developed .  .           3.6  4  •  5^ 
Lbs.   of  combustible  per  H.  P. 

developed 3.2  4.1 

Again  the  following  scattered  data  has  been  accumulated,  which 
furnishes  some  information  on  these  results: 
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Total,  mVi  hours,  333,140. 


Averages,  9.44 
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1.127 
1.076 
1.071 

6.14 
10.35 
5.85 

6.92  1 
11.13 
6.26  1 

240 
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6.72 


a  2:40  to  5  p.m.  b  5  to  7  p.  m.  c  7  to  9  p.  m.  **Fires  were  started  at  these  times  with 
boilers  cold,  having  been  without  fires  in  each  case  not  less  than  16  hours.  During  and  at  the  finish  of 
this  run  the  total  of  ash  and  clinkers  removed  was  1,828  lbs.,  being  4.7  per  cent  of  the  total  amount  of 
fuel  burned.     The  last  three  were  special  experimental  runs. 
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From  these  results  it  will  be  readily  seen  that  the  combustion  of 
fuel  in  this  form  promises  some  economy,  and  it  is  fair  to  say  that 
so  far  as  the  writer  has  ever  examined  the  operation  of  any  of  these 
plants  they  promised  fair  results  in  the  way  of  combustion  without 
smoke. 

In  some  cases,  however,  the  promises  made  concerning  results 
to  be  obtained  from  the  use  of  fuel  in  pulverized  form,  are  perhaps 
as  ludicrous  as  any  which  may  be  found  based  upon  hope  and  great 
expectations  rather  than  that  which  is  accomplished. 

The  following  quotation  from  a  catalogue  of  one  of  the  numerous 
companies  promoting  apparatus  of  this  character,  is  interesting  if 
true.  Referring  to  locomotive  work  they  say :  "  This  system  is 
admirably  adapted  to  locomotive  work.  There  will  be  avoided  the 
present  loss  of  solid  fuel  through  the  exhaust  force  of  steam  ;  there 
will  be  no  smoke  or  cinders  in  the  fire  box ;  the  exhaust  steam 
now  used  to  create  the  required  draft  in  the  fire  box  would  under 
this  system  be  utilized  in  heating  feed  water  of  boiler.  In  practice 
this  makes  a  cofidensing  engine  of  the  locomotive !'  (The  italics  do 
not  appear  in  the  original  text). 

The  next  stage  in  the  undertaking  in  the  use  of  pulverized  coal 
for  fuel  under  steam  boilers  concerns  the  form  of  furnace  best 
adapted  to  the  economic  combustion  of  the  fuel  in  this  form.  We 
have  seen  in  the  foregoing  tables  practically  the  extent  of  the  side 
of  the  operation  which  is  to  be  counted  as  gain,  and  if  the  cost 
could  be  halted  at  the  cost  of  the  pulverization,  it  would  be  simpli- 
fied and  no  questions  arise  as  to  the  real  economy  of  the  operation. 
It  is  however,  really  at  this  point  that  most  of  the  troubles  begin. 
In  the  use  of  the  method  first  referred  to  where  the  pulverization 
is  accomplished  in  a  detached  machine  situated  away  from  the  feed- 
ing device,  the  handling  and  conveying  of  the  pulverized  coal  in 
order  to  place  it  in  the  hopper  of  the  stoker  is  by  no  means  an 
easy  problem,  and  so  far  as  the  writer  knows  has  not  been  accom- 
plished in  a  manner  satisfactory  to  the  user.  The  usual  plan  is 
through  the  medium  of  screw  conveyors,  or  similar  means,  operating 
overhead  and  depending  on  the  gravity  of  the  pulverized  fuel  to 
descend  from  the  conveying  trough  into  the  hopper  of  the  stoker. 
Under  these  conditions  great  fluctuation  occurs  in  the  constancy  of 
the  feed  supply  and  is  affected  by  the  humidity  of  the  atmosphere, 
since  the  material  has  an  affinity  for  moisture,  causing  its  rapid 
absorption,  and  a  resultant  stoppage  and  caking  at  times  in  the 
masses. 

The  usual  practice  has  been  after  pulverizing  the  material,  and 
in  the  cases  of  the  brush  stoker  to  a  fineness  of  about  lOO  mesh, 
to  elevate  it  into  a  large  hopper  or  tank,  this  tank  feeding  into  an 
overhead  conveyor,  and  the  material  running  by  gravity  from  the 
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tank  into  the  conveyor  trough.  This  method  practically  encounters 
the  caking  over  of  the  material  in  arches  in  the  large  hopper  and  a 
resultant  failure  to  flow  properly  into  the  overhead  conveying 
mechanism. 
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The  fine  coal  dust  finds  its  way  through  the  sHghtest  openings 
in  any  of  the  retaining  parts,  and  unless  the  whole  of  the  mechan- 
ism employed  for  this  purpose  be  practically  steam  tight,  the  boiler 
room  is  soon  covered  with  black  coal  dust,  and  this  fact  notwith- 
standing the  statement  of  one  of  the  companies  which  says :  "  By  its 
use  the  boiler  house  can  be  kept  as  clean  as  the  engine  room." 

So  far  as  these  plants  have  been  installed  to  the  knowledge  of 
the  writer,  it  would  require  more  than  the  economies  effected  in 
combustion  to  offset  the  very  objectionable  dirt  and  trouble  which 
follow  the  elevation  of  the  material  overhead,  and  seemingly  better 
results  might  be  obtained  if  the  pulverized  fuel  were  not  raised  any 
higher  than  its  point  of  combustion  in  the  furnace.  This  trouble- 
some feature  is  to  a  large  extent  avoided  in  the  second  classification 
of  machines  which  pulverize  and  discharge  the  product  immediately 
into  the  combustion  chamber,  but  in  the  record  of  such  machines 
some  accidents  have  followed  their  use,  which  has  in  some  cases 
been  attributed  to  an  explosive  mixture  formed  by  the  air  and  pow- 
dered coal  before  it  is  delivered  into  the  combustion  chamber. 

This  condition  the  advocates  of  the  first  method,  that  of  the  brush 
stoker,  claim  to  avoid.  But  passing  by  these  annoyances  as  per- 
haps surmountable  in  some  way  yet  to  be  devised,  we  come  to  the 
consideration  of  the  form  of  furnace  itself,  and  in  most  cases  so  far 
as  the  boiler  settings  go,  they  approach  the  methods  shown  in  Fig. 
2,  of  furnace  construction  under  a  water  tube  type  of  boiler. 

Relating  again  to  the  brush  method  and  to  Fig.  i :  Situated  un- 
der the  brush  and  in  the  lower  part  of  the  frame  carrying  the  screw 
mechanism,  is  a  gate  which  is  operated  through  the  rack  and  pinion 
shown.  This  gate  regulates  the  supply  of  air  which  goes  into  the 
combustion  chamber  and  is  mixed  with  the  pulverized  fuel  after  it 
has  left  the  brush  and  been  projected  into  the  combustion  chamber. 
This  combustion  chamber  is  merely  a  tunnel  about  i8  inches  wide 
by  some  14  inches  high  in  the  middle  of  the  low  sprung  arch  mak- 
ing its  crown.  This  tunnel  is  paved  with  two  layers  of  fire  brick 
and  is  similar  in  construction  to  most  of  the  close  joint  settings 
used  under  boilers. 

So  far  however,  this  construction  has  been  most  unsatisfactory, 
since  it  seems  to  concentrate  the  combustion  into  a  small  zone  of 
fusion  which  expends  itself  in  the  melting  of  the  brick  exactly  as  a 
blow  pipe  might  be  expected  to  do,  rather  than  in  the  dissemina- 
tion of  heat  units  through  the  absorbing  surface  of  the  boiler.  This 
action  has  resulted  in  the  undoing  of  the  economies  found  from 
tests  over  short  runs,  where  the  action  has  been  distributed  over  a 
measurable  period  of  practical  utility. 

An  interesting  installation  is  now  about  to  be  made  by  one  of  the 
most  persistent  experimenters  along  this  line,  who  has  found  that 
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with  the  furnace  construction  just  described  the  costs  of  mainten- 
ance and  operation  largely  overbalanced  any  gains.  They  are  inau- 
gurating a  water  jacketed  combustion  chamber,  or  rather  two  of 
these  chambers  applied  to  each  standard  72-inch  return  tubular 
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boiler,  these  chambers  lying  under  the  main  shell  of  the  boiler  and 
being  brick  lined;  the  water  jacket  of  the  combustion  chamber  be- 
ing connected  directly  to  the  shell  of  the  boiler  with  the  hope  of 
securing  a  satisfactory  circulation.  This  arrangement  will  be  read- 
ily understood  by  reference  to  the  acompanying  sketches,  Fig.  3, 
where  W  is  the  water  space  of  the  boiler  and  combustion  chamber, 
B  the  brick  lining,  and  C  the  combustion  chamber  as  shown. 

In  the  case  of  the  flat  floor  described  under  the  combustion  arch 
of  the  setting  shown  in  Fig.  2,  rapid  deterioration  of  the  floor  has 
been  encountered  from  the  deposit  of  slag,  or  what  it  may  be,  occur- 
ing  there  in  the  u.se  of  most  soft  coals.  This  deterioration  at  times 
has  been  very  rapid  and  destroyed  the  bottom  of  the  combustion 
chamber  in  some  cases  after  48  hours  of  use. 

In  the  arrangement  shown  in  Fig.  2,  the  repair  of  this  floor  and 
of  the  crown,  which  sometimes  has  been  a  close  second  to  the  floor 
in  its  deterioration,  has  caused  a  great  deal  of  preparatory  work  and 
practically  the  entire  rebuilding  of  the  combustion  chamber.  It  is 
hoped  to  avoid  this  in  the  plan  shown  in  Fig.  3,  or  at  least 
to  so  readily  repair  the  wear,  that  no  annoying  disuse  of  the  boiler 
will  be  encountered. 

When  bituminous  coal  is  pulverized  for  purposes  of  use  in  instal- 
lations of  this  character,  the  non-combustible  in  the  coal  is  pulver- 
ized as  a  part  of  the  mass,  and  when  fed  into  the  combustion 
chamber,  this  non-combustible  must  go  somewhere,  and  seems  to 
be  generally  deposited  back  of  the  bridge  wall,  or  in  the  flues  or 
between  the  flues,  or  upon  the  tops  of  the  baffle  plates,  thus  requir- 
ing very  frequent  cleaning  of  these  parts  of  the  furnace  and  boiler, 
usually  developing  a  loss  in  evaporative  results  as  these  cleaning 
periods  are  left  behind. 

Within  the  knowledge  of  the  writer  no  installation  of  this  method 
of  firing  steam  boilers  has  continued  to  be  used  for  any  appreciable 
period  after  its  installation,  but  has  been  abandoned  on  various 
excuses. 

Pulverized  coal  has  been  and  is  being  successfully  used  in  many 
cement  mills  for  use  in  the  rotary  kilns,  but  here  the  by-products  of 
the  combustion  pass  off  with  the  clinker  and  go  to  swell  the  volume 
of  cement. 

The  most  successful  attempt  examined  into  is  in  the  plant  of  a 
company  producing  malleable  iron,  where  fuel  in  this  form  is  used 
for  the  annealing  furnaces,  and  also  under  the  boilers.  The  instal- 
lation is  a  sub-division  of  the  first-class,  that  of  a  steam  jet  and  an 
air  blast  combined  for  the  feeding  of  the  fuel.  F^airly  satisfactory 
results  are  obtained  in  the  annealing  ovens,  and  the  system  has 
been  continuously  used  for  about  three  years. 

In  the  application  under  the  boilers  which  are  of  the  standard  ex- 
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ternally  fired  return  tube  type,  a  very  large  combustion  chamber  is 
used,  covering  the  whole  of  the  space  from  the  bottom  of  the  boiler 
to  what  would  be  the  bottom  of  the  ash  pit  in  the  ordinary  setting, 
and  of  a  width  somewhat  in  excess  of  the  diameter  of  the  boiler  shell, 
the  length  being  about  equal  to  the  usual  length  of  grate  bar,  an 
arch  being  turned  from  side  wall  to  side  wall,  the  crown  of  the  arch 
against  the  bottom  of  the  boiler  in  order  to  protect  the  shell  from 
the  very  intense  heat  in  this  large  combustion  chamber.  Here  much 
of  the  blow  pipe  effect  resulting  from  the  setting  as  shown  in  Fig.  2 
is  lost,  but  after  several  years'  trial  under  the  boilers  at  this  establish- 
ment, it  is  conceded  that  the  excess  cost  of  the  furnace  maintenance, 
over-balances  the  economies  resulting  from  this  form  of  combustion. 

DISCUSSION. 

Mr.  ParkJiiirst — The  Illinois  Central  Railroad  Company  has  been 
making  some  experiments  on  using  pulverized  coal  for  fuel,  and  if 
there  is  anyone  here  who  knows  anything  about  this  matter,  we 
would  like  to  hear  about  it. 

Mr.  Schacfer — I  would  like  to  ask  Mr.  Sweeney  if  he  has  ever 
known  of  a  plant  operating  successfully } 

Mr.  Sweeney — In  my  paper  I  make  the  statement  that  I  do  not 
know  of  any  plant  of  that  kind  which  has  continued  in  operation 
with  any  degree  of  success.  The  plants  have  generally  been 
abandoned.  The  only  exception  I  know  of  is  a  malleable  iron 
works,  where  for  some  time  they  used  this  method  under  the  boil- 
ers with  this  large  combustion  chamber. 

Mr.  Schaefer — How  long,  several  months .'' 

Mr.  Sweeney — Over  a  year.  In  conversing  with  a  friend  of  mine 
the  other  day,  in  speaking  of  this  plant  he  said  he  called  at  one 
time,  and  after  some  objection  on  the  people,  had  been  allowed  to 
see  it.  However,  before  allowing  him  to  see  it,  considerable  time 
was  spent  in  preparing  it  for  his  inspection.  The  gentleman  I 
speak  of  is  here  to-night,  and  has  had  very  much  more  experience 
than  I  along  these  lines.  I  have  approached  this  subject  from  the 
standpoint  of  the  "  doubting  Thomas."  I  do  not  mean  to  say  this 
cannot  be  accomplished,  as  that  is  too  much  to  say,  when  we  re- 
member that  someone  predicted,  long  ago,  that  a  steamship  could 
not  cross  the  ocean  because  it  could  not  carry  enough  fuel. 

Mr.  Chas.  E.  Sargent — It  seems  to  me  that  this  lack  of  discus- 
sion is  not  because  there  is  not  a  due  appreciation  of  the  paper,  but 
because  Mr.  Sweeney  has  so  thoroughly  settled  the  question  that 
there  is  nothing  to  discuss. 

From  the  author's  experience,  as  well  as  the  experience  of  many 
others  who  have  tried  the  pulverized  fuel  proposition,  they  are  no 
doubt  satisfied  that  though  using  the  best  apparatus  now  obtain- 
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able,  the  scheme  is  not  yet  a  success ;  furthermore,  those  whose 
business  it  is  to  utilize  all  the  possible  heat  that  is  in  the  coal,  are 
drifting  away  from  the  present  practice  of  burning  the  fuel  under 
a  boiler  to  generate  steam,  and  the  possibilities  are  that  as  there 
can  be  no  urgent  demand  for  the  apparatus  the  powdered  fuel 
scheme  will  never  become  a  commercial  success. 

We  know  that  the  reciprocating  steam  engine  has  attained  as 
high  an  efficiency  as  ever  the  most  enthusiastic  engineers  can  ex- 
pect, and  we  must  look  to  other  prime  movers  if  we  desire  to  deliver 
more  work  with  the  same  fuel. 

The  internal  combustion  engine  is  one  of  the  prime  movers  of 
the  future,  and  in  order  to  prepare  the  gas  for  the  same,  the  coal 
in  large  chunks  or  small,  dirty  or  clean,  is  shoveled  into  the  pro- 
ducer, and  for  which  very  much  less  skill  is  required  than  in  firing 
a  boiler.  Eighty  per  cent  of  the  heat  of  the  fuel  is  converted  into 
gas,  which  gives  a  very  high  efficiency  when  burned  in  the  gas  en- 
gine cylinder. 

A  pound  of  ordinary  coal  used  in  this  way  will  easily  furnish  a 
brake  horse  power  hour.  An  internal  combustion  engine  will  de- 
liver a  boiler  horse  power  on  10,000  B.  T.  U.'s  from  a  pound  of 
coal. 

For  this  reason  it  appears  to  me  that  pulverized  coal  for  power 
purposes  has  no  future,  even  if  it  has  advantages  over  the  present 
methods  of  firing. 

Mr.  R.  F.  Massa — I  happened  to  come  in  contact  with  tests  made 
some  little  time  ago  of  a  pulverizer  which  blew  the  coal  into  the 
boiler  immediately  after  it  was  pulverized,  and  those  tests  showed 
that  it  took  10  per  cent  of  the  steam  to  operate  the  pulverizer.  I 
would  like  to  ask  what  the  method  of  pulverizing  is  by  which  they 
are  able  to  pulverize  coal  for  10  cents  per  ton.?  The  reason  I  ask 
this  is,  that  in  one  plant  I  know  of,  the  price  was  very  much  more 
than  that — in  fact,  seven  or  eight  times  greater.  That  is,  taking 
the  coal  from  the  car  and  delivering  it  to  the  boiler  ready  to  burn. 

In  regard  to  the  ash,  I  think  it  is  possible  to  get  much  better  re- 
sults in  a  vertical  than  in  a  horizontal  boiler,  where  you  have  the 
deposit  on  the  tubes  and  baffle  plates. 

Mt.  Sweeney — -In  regard  to  the  price  for  pulverizing,  I  understand 
that  the  10  cents  per  ton  covers  the  cost  of  pulverizing  the  coal, 
including  the  power  and  the  wear  and  tear  of  the  machinery.  I  do 
not  think  that  price  takes  into  account  the  handling  of  the  coal. 
The  type  of  pulverizer  is  that  of  the  Huntington  mill.  There  are 
two  or  three  well  known  types  of  that  form  of  pulverizer. 

The  President  referred  to  the  Illinois  Central  plant ;  in  that  in- 
stallation they  use  what  is  known  as  the  Clark  mill.  I  understand 
that  in  their  experiments,  which  extended  over  a  period  of  six  or 
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eight  months,  that,  without  a  drying  machine,  the  cost  of  coal,  so 
far  as  pulverizing  is  concerned,  did  not  exceed  lo  cents  per  ton.  I 
do  not  know  anything  about  the  cost  of  handling. 

I  cannot  answer  the  question  as  to  the  quantity  of  air  which  gives 
the  best  combustion,  or  distribution  at  various  periods.  After  the 
furnace  is  heated  up,  the  operation  of  a  plant  is  supposed  to  be  con- 
tinuous. It  ought  to  be  maintained  at  the  maximum  rate  of  com- 
bustion. 

The  annealing  furnaces  in  which  this  fuel  was  used  had  formerly 
been  operated  with  oil,  and  seemingly  the  continued  use  of  the  pul- 
verized coal  in  the  furnaces  would  justify  the  claim  that  was  made 
by  the  experimenters  that  it  was  a  paying  change.  I  have  never 
been  able  to  get  any  comparative  statements  that  were  tangible. 

Mr.  Schaefer — I  believe,  with  Mr.  Sweeney  and  Mr.  Sargent,  that 
pulverized  coal  will  hardly  come  into  general  use,  and  with  Mr. 
Sargent  that  long  before  we  come  to  that  point  we  will  convert  it 
into  gas  and  so  burn  it.  I  am  quite  familiar  with  the  methods  in 
use  in  cement  plants,  and  believe  coal  can  easily  be  pulverized  for 
lo  cents,  aside  from  unloading  from  cars.  It  is  either  done  with 
the  Huntington,  Griffin,  or,  more  largely  lately,  with  Tube  mills, 
whereby  they  grind  it  very  fine. 

There  are  a  number  of  reasons  why  I  do  not  think  pulverized 
coal  will  come  into  use — one  is,  its  explosive  character.  On  this 
account  it  is  quite  common  to  isolate  the  plant.  At  a  plant  at  San- 
dusky, Ohio,  a  fire  started  in  their  grinding  room  and  burned  that 
part  of  the  plant.     No  one  knew  what  caused  the  fire. 

The  principal  thing  I  wanted  to  mention  was  a  very  interesting 
case  which  came  under  my  observation  a  couple  of  years  ago,  an 
explanation  of  which  might  be  useful  in  preventing  someone  here 
to-night  from  pursuing  the  same  course. 

About  two  years  ago  there  was  built  a  large  cement  plant  near 
St.  Louis  by  the  St.  Louis  Portland  Cement  Company.  When  they 
designed  that  plant  it  so  happened  that  their  coal  grinding  plant 
was  in  such  a  position  between  the  cement  burning  room  and  the 
boiler  house,  that  they  could  easily,  by  enlarging  their  coal  grinding 
capacity,  arrange  it  so  they  would  have  enough  powdered  coal  to 
use  under  the  boilers,  also  their  manager  thought  they  would  need 
a  double  unit  for  grinding — one  for  a  relay  and  one  to  be  used  for 
grinding  the  coal.  The  boilers  were  the  Babcock  &  Wilcox  type. 
They  made  a  long  combustion  chamber  about  like  that  shown  on 
page  147,  Fig.  2,  except  that  it  was  in  front  of  the  boilers.  It  was 
10  or  12  feet  long — a  very  long  chamber,  and  arched  over.  The 
coal  was  blown  into  the  front.  It  did  not  take  over  48  hours  to 
develop  troubles,  and  they  were  serious.  These  came  in  a  very  un- 
expected way.     A  slag  formed  which,  while  it  was  hot,  would  run. 
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but  after  a  while  it  built  up  so  high  that  they  had  to  let  the  cham- 
ber cool  off  and  pick  it  out  with  picks.  It  was  a  black  glassy  slag ;, 
not  only  that,  but  soot  formed  on  the  Hues  in  such  a  way  as  to 
make  serious  trouble.  As  soon  as  they  could  get  to  it,  they  tore 
out  this  apparatus  and  hand  fired  the  boilers. 

Mr.  IV.  L.  Abbott — If  it  were  feasible  to  burn  powdered  coal  un- 
der a  boiler,  I  still  have  doubts  that  it  would  be  practical  to  use  the 
system  on  account  of  the  difficulties  in  grinding,  particularly  in  a 
large  plant  where  several  hundred  tons  of  coal  are  burned  during, 
say,  24  hours.  The  apparatus  and  space  necessary  for  grinding 
machinery,  and  the  facilities  for  storing,  would  be  a  serious  matter. 
Furthermore,  I  do  not  believe  that  the  machine  has  been  built  that 
will  grind  uniformly  and  rapidly  all  kinds  of  coal,  whether  wet,  dry 
or  frozen. 

Mr.  Schaefer  speaks  of  the  danger  of  an  explosion  in  case  the 
coal  is  stored,  and  the  necessity  for  grinding  and  using  at  once,  with 
no  storage. 

I  would  not  condemn  the  system  altogether  on  the  statement  of  a 
gas  engine  man.  These  people  get  so  in  the  habit  of  running  down 
a  steam  plant  that  they  can  never  get  up  and  make  a  speech  on 
any  subject  without  saying  dclenda  est  Carthago. 

Mr.  E.  H.  Stroud — I  have  some  information  of  what  is  being 
done  in  England  and  on  the  continent  of  Europe  to-day  with  pow- 
dered coal  as  fuel  for  steam  boilers  which  may  cast  a  new  light 
upon  the  subject,  especially  as  I  am  able  to  state  authoritatively 
that  75  per  cent  to  80  per  cent  of  the  heat  units  of  the  coal  are  be- 
ing given  to  the  water  for  the  making  of  steam  in  daily  practice  and 
that  80  per  cent  efficiency  has  been  slightly  exceeded  on  some  oc- 
casions. I  can  also  say  that  the  combustion  chamber  used  lasts  for 
60  days  without  repairs,  which  is  as  long  as  or  longer  than  any 
boiler  should  be  allowed  to  run  without  cleaning,  and  when  repairs 
have  to  be  made  they  cost  no  more  than  is  now  spent  for  the  re- 
newal of  grate  bars,  fire  brick,  etc.;  whereas  hitherto  the  rapid  deteri- 
oration of  the  combustion  chamber  has  been  one  of  the  most  serious 
and  expensive  defects  of  this  method  of  burning  coal. 

This  successful  application  of  powdered  coal  as  fuel  for  steam 
boilers,  is  what  is  known  as  the  "  Cyclone"  system.  Amongst  the 
English  installations  are  345  Cable  street,  London;  the  South  Staf- 
fordshire Steel  &  Ingot  Works  of  Messrs.  Hickman,  Ltd.,  at  Bils- 
ton ;  and  the  Navy  Yard  at  Portsmouth. 

It  is  claimed  for  this  system  that  it  has  been  brought  to  a  prac- 
tically and  commercially  successful  point  by  grinding  the  coal  to 
great  fineness  at  a  low  cost,  and  by  obtaining  thorough  and  auto- 
matic admixture  of  air  with  the  powdered  coal,  with  absolute  regu- 
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larity  of  feed,  thus  obtaining  entire  combustion  of  the  carbon  with 
complete  absence  of  smoke. 

A  successful  apparatus  for  use  of  powdered  fuel  must  conform 
to  the  following  requirements :  A — It  must  be  self  contained  ;  B — 
It  must  grind  and  feed  the  coal  with  less  than  5  per  cent  of  the 
horse  power  developed  in  the  boilers ;  C — It  must  be  possible  to 
attach  it  to  the  boiler  front ;  D — It  must  be  an  apparatus  which  can 
be  instantly  thrown  in  and  out  of  gear,  with  some  positive  drive 
which  is  driving  other  similar  devices  in  a  battery  of  boilers ;  E — 
It  must  grind  and  feed  separately  at  least  1,000  pounds  of  coal  per 
hour ;  F — It  must  be  of  small  first  cost. 

In  the  Cyclone  system,  the  grinding  is  done  in  a  pulverizer  which 
receives  the  coal  in  pieces  of  quite  large  size  and  by  means  of  a 
wheel  armed  with  heavy  spokes  called  beaters  this  machines  reduces 
the  coal  to  a  powder.  By  means  of  a  current  of  air  which  enters  the 
machine  at  or  near  the  place  where  the  coal  enters,  which  current 
of  air  is  also  present  with  the  coal  all  the  time  it  is  in  process  of 
being  ground,  the  particles  of  coal  of  the  required  mesh  are  lifted 
out  of  the  machine  and  delivered  as  soon  as  they  have  reached  the 
required  size,  and  all  larger  particles  are  returned  automatically  to 
the  grinding  chamber  for  further  reduction.  The  powder  is  deliv- 
ered by  the  pulverizer  into  a  settling  chamber. 

It  is  not  necessary  to  dry  the  coal  previous  to  pulverizing  it,  ex- 
perience having  shown  that  as  much  as  10  per  cent  of  moisture 
will  be  extracted  from  the  coal  by  the  air  current,  if  that  much  be 
in  the  coal  when  delivered  to  the  pulverizer,  and  as  5  per  cent  or 
even  6  per  cent  of  moisture  in  the  powder  does  not  interfere  with 
the  conveying  or  the  burning  of  it,  the  coal  before  grinding  in  these 
pulverizers  can  contain  as  much  as  1 5  per  cent  of  moisture.  This 
does  away  with  the  danger  and  expense  of  the  drying  of  the  coal, 
and  is  a  great  advance  upon  all  previous  methods.  This  is  possible 
because  no  sieving  cloth  or  mesh  of  any  kind  is  used  in  the  pulver- 
izing machinery,  the  regulation  of  the  size  of  the  powder  being 
accomplished  by  alteration  of  the  speed  of  a  fan  exhauster  which  is 
placed  on  top  of  the  pulverizer  to  create  the  current  of  air  referred 
to.  You  will  understand  of  course  that  for  any  pulverizing  machine 
in  which  a  sieve  is  used,  the  coal  must  be  dried  before  grinding  be- 
cause if  the  material  be  damp  it  will  clog  the  sieve. 

The  coal  having  been  reduced  to  a  powder  of  the  required  mesh, 
it  is  conveyed  to  the  front  of  the  boiler  by  a  worm  conveyor  and  is 
there  delivered  into  the  hopper  of  a  machine  which  is  called  a 
"feeder;"  this  machine  consisting  of  a  hopper,  a  short  worm  con- 
veyor, and  a  fan  blower,  and  the  entire  machine  is  operated  from 
the  spindle  of  the  fan,  the  supply  of  coal  being  adjusted  to  meet 
the  requirements  of  the  boiler  and  the  supply  of  air  being  also  sub- 
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ject  to  very  close  adjustment.  The  worm  gear  on  the  spindle  of 
the  fan,  which  operates  the  conveyor  which  delivers  the  coal  from 
the  hopper  into  the  fan,  is  held  in  place  by  a  lever  with  a  spring 
catch,  and  if  at  any  time  it  is  necessary  for  the  supply  of  coal  to  be 
cut  off,  one  movement  of  that  lever  stops  the  delivery  of  the  coal 
into  the  combustion  chamber ;  and  a  movement  of  the  same  lever 
in  the  opposite  direction  starts  the  supply  of  coal  again.  Once  this 
feeder  has  been  adjusted  correctly  as  to  the  supply  of  coal  and  of 
air  it  is  only  a  matter  of  the  speed  at  which  the  machine  is  operated 
to  either  increase  or  diminish  the  supply  of  heat  delivered  to  the 
boiler.     The  system  can  be  applied  to  almost  any  boiler. 

Realizing  that  to  make  any  system  effective  it  must  work  suc- 
cessfully under  every  condition,  the  people  who  have  perfected  the 
Cyclone  system  experimented  with  it  in  every  possible  way  for  over 
two  years  after  its  practical  completion  before  attempting  to  place 
it  on  the  market ;  and  the  result  is  that  they  are  now  in  a  position 
to  apply  it  to  almost  any  kind  of  a  boiler  including  the  Lancashire, 
Cornish,  Belleville,  Babcock  &  Wilcox,  Stirling,  and  Climax,  besides 
other  types  of  boilers. 


Cyclone  System  Applied  to  Tubular 
Boiler. 


Sectional  Elevators  of  Cyclone  Pulverizer. 
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One  important  factor  which  they  have  had  to  deal  with  is  one 
that  I  touched  upon  almost  the  first  thing  in  my  talk  to  you  this 
evening  because  it  is  one  that  has  caused  considerable  trouble  in 
all  experiments  with  the  use  of  powdered  coal  for  fuel  under  steam 
boilers,  and  that  is  the  durability  of  the  brick  lining  of  the  combus- 
tion chamber,  and  in  carrying  out  their  experiments  in  this  direction 
my  friends  in  England  have  used  bricks  made  in  many  countries 
including  some  from  the  United  States  and  Belgium  and  France  as 
well  as  those  made  in  England  and  Scotland  ;  and  they  have  melted 
bricks  in  quite  a  short  time,  but  they  have  found  the  bricks  used 
in  the  combustion  chamber  enables  it  to  stand  for  at  least  60  days 
without  repairs,  even  under  the  trying  conditions  of  firing  only  dur- 
ing the  day  time  and  closing  down  at  5:30  p.  m.,  so  that  the  bricks 
in  this  way  have  been  exposed  to  constant  expansion  and  contraction. 

Some  doubt  has  been  expressed  as  to  whether  it  is  possible  to 
build  a  combustion  chamber  which  will  stand  the  heat  developed  in 
burning  such  a  large  quantity- as  1,000  pounds  of  coal  per  hour  in 
the  powdered  form,  but  the  experience  gained  tends  to  show  that  it 
is  rather  a  question  of  the  size  of  the  furnace,  for  this  must  cor- 
respond with  the  quantity  of  coal  to  be  burned. 

It  has  been  asked  whether  there  is  danger  from  storing  a  quan- 
tity of  powdered  coal,  and  whether  if  it  contains  much  moisture  it 
will  pack  into  a  solid  mass.  Neither  of  these  contingencies  have 
ever  been  experienced  by  parties  using  the  Cyclone  system,  although 
the  pulverizing  machinery  referred  to  is  in  use  by  some  of  the 
largest  Portland  cement  makers  of  the  world  and  many  thousands 
of  tons  of  coal  have  therefore  been  ground  in  this  machinery ;  and 
I  might  say  further  that  when  mixed  with  the  necessary  proportion 
of  air  powdered  coal  will  not  explode  until  it  is  heated  to  the  point 
of  giving  off  its  gasses.  At  the  maker's  own  plant  the  pulverizer 
delivers  the  coal  into  a  canvas  room  or  settling  chamber,  which  is  of 
course  full  of  suspended  coal  dust.  It  has  been  entered  with  a 
lighted  candle,  without  the  slightest  indication  of  explosion,  and 
this  is  attributed  to  the  fact  that  the  current  of  air  keeps  the  coal 
cool  during  the  entire  process  of  grinding  so  that  the  coal  in  sus- 
pension in  the  canvas  room  is  not  giving  off  any  gases  and  there- 
fore is  not  explosive. 

No  smoke  comes  from  the  smoke  stack.  At  the  plant  in  Lon- 
don to  which  I  have  referred,  the  chimney  is  only  33  feet  high  and 
a  gas  engine  is  therefore  used  to  force  the  draft  and  yet  the  aver- 
age temperature  of  the  flue  gases  leaving  the  boiler  is  only  413.5 
degrees  Fah.  and  leaving  the  economizer  is  only  313.5  degrees  Fah. 
They  have  obtained  as  much  as  17.47  per  cent  of  CO2,  but  that  is 
is  higher  than  they  consider  it  wise  to  work  at,  and  as  a  rule  they 
get  15  per  cent  CO^  or  about  1.2  times  the  theoretical  quantity  of 
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air,  which  is  very  close  for  actual  practice.  They  get  no  CO  at  all, 
and  this  is  due  to  the  thorough  admixture  of  the  air  with  the  coal 
and  also  to  the  fineness  and  uniformity  of  the  coal  powder.  The 
excess  of  air  being  so  greatly  reduced,  thermal  efficiency  of  the 
boiler  is  greatly  increased,  the  heat  not  being  required  to  warm  an 
excess  of  air  to  chimney  gas  temperature. 

An  abstract  of  a  report  of  Burstall  &  Monkhouse,  on  a  test  made 
for  the  Central  Cyclone  Co.,  in  May,  1903,  follows: 

The  boiler  is  an  ordinary  Lancashire  boiler,  8  feet  in  diameter  and  30  feet  long, 
with  two  flues.  It  is  set  in  the  ordinary  way,  and  has  an  economzier  placed  between 
it  and  the  chimney.  The  chimney  is  a  very  low  one,  and  the  necessary  draught  is 
obtained  by  a  suction  fan  placed  at  the  base  of  the  chimney  and  driven  by  a  gas  en- 
gine. The  draught  on  the  test  was  eciuivalent  to  about  0.3  of  water,  which  would 
correspond  to  that  from  a  chimney  about  80  to  90  feet  high  under  ordinary  circum- 
stances. 

The  boiler  was  fitted  with  your  system  for  firing  with  powdered  coal.  The  whole 
apparatus  worked  with  little  or  no  attention,  and  occupied  little  space.  A  very  perfect 
combustion  of  the  coal  was  obtained,  as  was  shown  by  the  large  percentage  of  car- 
bonic acid  obtained  from  samples  of  the  products  of  combustion  collected  from  the 
end  of  thefurnace,  the  analysis  of  these  samples  giving  the  following  percentage  re- 
sults by  volume :  Carbonic  Acid,  1 5.1;  Carbonic  Oxide,  0.0;  Oxygen,  3.5;  Nitro- 
gen, 81.4. 

The  perfect  combustion  also  had  the  effect,  as  might  be  expected,  of  giving 
a  total  absence  of  smoke.  The  coal  used  contained  a  fair  quantity  of  incombustible 
matter,  as  shown  by  the  analysis ;  this  formed  a  liquid  slag  which  collected  at  the 
bottom  of  the  furnace,  and  was  raked  out  at  intervals  of  about  four  hours.  The 
operation  of  raking  out  the  slag  took  only  about  four  minutes  for  the  two  furnaces, 
and  compared  very  favourably  with  that  of  cleaning  fires,  which  would  have  to  be 
done  at  least  once  or  probably  twice  during  the  test  with  the  class  of  coal  used. 

The  coal  used  was  Durham  Wallsend  screenings,  a  class  of  coal  which  would  not 
be  suitable  for  steam  raising  in  an  ordinary  boiler  furnace.  It  was  quite  small  in  size, 
and  was  pulverized  as  required  in  a  machine  close  to  the  stokehold. 

The  results  of  the  trial  show  that  the  actual  water  evaporated  per  pound  of  coal 
amounted  to  8.4  pounds  at  an  average  pressure  of  100  pounds  per  square  inch,  and 
from  feed  water  at  57  degrees  Fahrenheit.  Reducing  to  standard  conditions,  the 
evaporation  per  pound  of  coal  from  and  at  212  degrees  Fahrenheit  is  8.6  pounds  of 
water  for  the  boiler  alone,  and  10.  i  pounds  for  boiler  and  economiser.  The  coal  used 
had  a  calorific  value  of  12,728  B.  T.  U.  per  pound,  so  that  the  efficiency  of  the  boiler 
alone  was  65.4  per  cent,  and  the  boiler  and  economizer  76.5  per  cent^  a  very  good  per- 
formance for  this  type  of  boiler. 

Mr.  Neville — I  have  been  very  much  interested  in  this  subject  of 
pulverized  coal  for  the  past  three  years.  My  interest  has  led  me 
to  experiment  with  it  under  steam  boilers  and  my  experiments  have 
led  me  to  try  and  get  as  much  efficiency  out  of  the  coal  as  possible 
and  still  find  an  apparatus  that  will  produce  good  results  under  a 
boiler,  without  damage  to  the  furnace  or  boiler,  and  procure  an  ap- 
paratus so  that  if  accident  occurs  in  any  part  of  your  pulverizing 
plant  or  feeding  apparatus,  same  can  be  removed  from  the  boiler 
and  firing  can  be  continued  by  hand,  b\-  this  means  preventing  the 
necessity  of  a  shut  down  of  the  plant,  as  is  the  case  in  most  ap- 
paratuses for  burning  pulverized  coal. 

The  vital  question  involved  is  the  amount  of  water  that  can  be 
evaporated  with  a  pound  of  coal,  mechanically  stoked  or  pulvcrizetl 
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and  burned  in  suspension,  and  as  compared  with  hand  firing;  my 
experience  has  proven  that  in  some  cases  an  increase  up  to  50  per 
cent  has  been  gotten. 

I  appreciate  all  that  Mr.  Sweeney  has  said  and  am  familiar  with 
the  plant  to  which  he  refers,  and  in  which  I  was  especially  inter- 
ested during  its  trial.  I  also  know  the  malleable  plant  Mr.  Sweeney 
refers  to  and  have  been  more  or  less  familiar  with  practically  all  the 
pulverized  coal  installations  that  have  appeared  within  the  last  three 
years,  and  from  my  experience  I  cannot  agree  with  some  of  the  gen- 
tlemen in  that  I  do  not  think  it  is  practicable  to  pulverize  coal  and 
deliver  it  directly  from  the  mill  into  the  furnace.  There  should  be 
a  reserve  and  surplus  that  can  be  controlled  and  handled  as  desired. 

To  my  mind,  one  of  the  first  and  prime  requirements  in  handling 
coal  for  a  pulverized  process  is  to  remove  the  moisture  as  a  first 
operation,  and  my  observation  is  that  the  more  moisture  there  is  in 
the  coal,  the  harder  it  is  to  control  and  get  good  results  under  a 
boiler  and  also  to  get  satisfactory  results  from  the  pulverizing  ma- 
chinery. I  have  known  cases  where  the  capacity  of  pulverizing 
machinery  has  been  doubled  by  a  reduction  of  moisture  in  the 
coal  from  i  )^  per  cent  to  )^  per  cent.  This  may  not  hold  good  in 
all  grades  of  coal  but  will  in  some  cases. 

Some  of  the  gentlemen  have  had  considerable  to  say  about  the 
danger  of  explosion  in  this  connection.  I  have  been  able  to  learn 
of  but  one  case  of  explosion  and  that  is  admitted  to  have 
been  caused  by  mechanical  defects  in  the  pulverizing  machinery.  I 
have  known  a  number  of  cases  of  spontaneous  combustion  but  in 
these  cases  the  combustion  was  very  slow  and  with  any  care  at  all 
no  serious  damage  can  result. 

People  who  use  large  quantities  of  pulverized  coal,  especially  in 
connection  with  Portland  cement  plants  where  they  are  careful  to 
handle  the  coal  in  iron  tanks  and  bins  throughout,  have  no  appre- 
hension of  danger  from  fire. 

With  the  boiler  tests  that  have  come  under  my  observation  re- 
cently, taking  into  consideration  the  cost  of  maintenance  and  the 
cost  of  pulverizing  machinery,  there  has  been  shown  a  net  saving  of 
5  cents  per  thousand  pounds  of  water  evaporated. 

Mr.  E.  C.  De  Wolfe — The  paper  mentions  the  claims  of  advo- 
cates of  apparatus  wherein  the  pulverizing  and  burning  are 
separated  by  considerable  distances,  that  liability  to  explosion 
is  lessened  by  this  arrangement.  It  is  probably  true  that  one 
of  the  most  disastrous  explosions  in  connection  with  powdered 
coal  plants,  both  in  property  loss  and  in  personal  injuries  and 
fatalities,  was  that  at  the  Edison  cement  works,  New  Village, 
N.  J.,  some  months  ago.  In  that  plant  the  coal  was  pulverized 
at  a  considerable  distance,  perhaps  300  or  400  feet,  from  the  rotary 
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kilns  in  which  it  was  used.  The  powdered  fuel  was  then  carried 
by  conveyors  to  a  large  blower  house,  from  which  other  conveyors 
led  to  a  storage  hopper,  located  in  a  building  adjacent  to  the  kiln  house, 
but  detached  from  it.  From  this  fine  coal  store  house  the  fuel  sup- 
ply for  the  rotaries  was  drawn  as  required.  After  the  explosion, 
which  occurred  at  the  blower  house,  the  company  undertook  to 
overhaul  the  system  in  such  a  manner  as  to  avoid  the  possibility  of 
a  recurrence.  The  aim  in  each  step  of  the  alterations  was  with  the 
powdered  coal  at  any  point  between  the  beginning  of  the  pulveriza- 
tion and  the  feeding  devices  at  the  kilns.  Previously  the  coal  grind- 
ing was  done  by  means  of  the  same  type  of  roll  machines  as  are 
used  in  the  rock  and  clinker  grinding  for  the  cement  processes 
themselves.  Separation  of  coarse  from  fine  was  accomplished  by 
currents  of  air.  The  company  has  now  installed  a  pair  of  simple 
ball  and  tube  mills  for  the  coal  grinding,  and  has  cut  out  entirely 
from  the  circuit  the  blower  house.  The  coal  is  conveveyed  directly 
from  the  grinding  house  to  the  small  storage  building  immediately 
adjacent  to  the  kilns.  The  storage  capacity  here  is  comparatively 
small,  and  it  is  believed  that  difficulties  from  air  mixture  with  the 
coal  are  done  away.  What  the  results  will  be,  only  time  will  tell. 
The  point  is  that,  as  I  understand  it,  regardless  of  the  method  of 
feeding  and  burning  coal,  the  fuel  in  the  powdered  form  must  be 
very  carefully  handled  and  stored. 

Mr.  E.  H.  Stroud — I  can  account,  to  some  extent,  for  that  ex- 
plosion. Formerly  they  ground  their  coal  through  several  pairs  of 
crushing  rolls,  to  reduce  it  to  the  required  fineness.  It  is  a  well 
known  fact  that  any  system  of  roller  device  for  grinding  heats  the 
coal.  Furthermore,  they  carried  this  coal  away  by  air  suction 
through  large  pipes  for  quite  a  distance,  and  with  considerable  veloc- 
ity. There  was  considerable  rush  of  air  through  the  pipe,  and  the 
pipes  became  quite  warm ;  the  coal,  therefore,  that  was  carried 
through  these  pipes  was  warvi,  to  say  the  least.  Mr.  Mallory,  the 
Vice  President,  has  written  me  about  the  "  Cyclone  "  pulverizers 
for  coal,  so  that  they  are  not  yet  entirely  satisfied  with  the  plant. 

Mr.  Sweeney — I  heard  that  the  Edison  explosion  was  traced  back 
to  the  fact  that  at  one  time  the  coal  was  carried  on  a  kind  of  open 
conveyor ;  that  the  collection  of  a  large  amount  of  coal  dust  was 
made  through  a  comparatively  small  tunnel  house,  and  that  this  got 
afire  in  some  way.  I  think  the  statement  in  the  paper  referred  to 
is  not  quite  of  that  caliber.  What  was  intended  to  be  conveyed 
was  the  idea  that  a  machine,  taking  the  air  into  it,  mixing  it  with 
the  pulverized  coal,  and  discharging  it  into  the  furnace,  was  more 
liable  to  have  an  internal  explosion,  due  to  back  firing. 

I  would  like  to  ask  Mr.  Stroud  if  there  is  a  plant  such  as  he  de- 
scribes that  can  be  seen  in  or  near  Chicago.? 
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Mr.  Stroud — There  is  no  plant  of  our  "  Cyclone  "  in  operation  in 
this  country,  as  yet.  It  is  but  a  short  time  since  efforts  have  been 
begun  to  introduce  it  here, 

Mr.  Szveeney — I  have  not  yet  been  able  to  cipher  out  where  the 
energy  comes  from ;  at  so  low  a  cost  it  is  not  accounted  for.  If 
you  take  5,  10  or  more  per  cent  of  moisture  out  of  the  coal,  you 
must  furnish  that  energy  somewhere. 

Mr.  Stroud — We  use  the  very  cheapest  and  most  plentiful  thing 
we  can  find  on  God's  earth  to  accompHsh  that — viz.,  air.  You  will 
notice  that  we  admit  air  into  the  pulverizer  with  the  coal,  and  that 
air  is  present  with  it  all  the  time  in  the  process  of  grinding,  and 
as  the  particles  grow  smaller  and  smaller,  they  are  surrounded  all 
the  time  with  air ;  and  if  you  would  know  the  power  of  air  to  ab- 
sorb moisiure  I  would  remind  you  how  quickly  a  wet  street  is  dried 
if  the  wind  starts  to  blow. 

Mr.  Massa. — I  would  like  to  mention  a  test  which  I  did  not 
make  but  saw  made,  of  a  pulverizer  working  on  almost  this  same 
principle,  in  which  the  pulverizer  ran  along  all  right  when  the  coal 
was  dry,  but  when  the  coal  was  wet  the  power  required  was  so  high 
that  it  nearly  burned  out  the  motor. 

Air.  Mayer. — I  would  like  to  ask  Mr.  Stroud  what  system  he  has 
to  prevent  the  arching  of  the  coal  in  the  hopper. 

Mr.  Stroud— We  have  in  the  hopper  a  conical  shaped  piece  of 
metal  or  wood  covered  with  graphite,  which  is  at  the  end  of  a  rod 
that  runs  up  through  the  centre  of  the  hopper,  and  is  operated  by 
a  little  lever  that  comes  over  the  side. 

Mr.  Massa. — I  would  also  like  to  ask  Mr.  Stroud  if  he  has  any 
record  of  expenses  in  maintaining  a  machine  for  grinding  any  cer- 
tain number  of  tons  of  coal.? 

Mr.  Stroud — The  "Cyclone"  pulverizers  are  now  in  operation  at 
some  of  their  largest  works  and  have  been  adopted  by  the  "As- 
sociated Portland  Cement  Makers  of  England"  for  the  grinding  of 
their  coal,  wherever  they  run  rotary  kilns,  therefore  we  have 
abundant  opportunity  to  not  only  know  what  they  will  do  on  wet 
and  dry  coals,  but  also  what  the  wear  and  tear  account  is.  The  ex- 
perience we  have  had  is  that  the  expense  for  wear  and  tear  does 
not  exceed  i  cent  per  ton,  and  very  seldom  equals  that. 

Mr.  C.  D.  Stephens — Reference  has  been  made  to  the  Illinois 
Central  R.  R.  Co.;  I  have  some  knowledge  of  the  experiments  that 
have  been  going  on  down  there,  and  it  might  shed  a  little  light  on 
the  subject  to  state  what  has  been  done  and  what  they  are  now 
doing.  About  three  years  ago,  I  was  connected  with  the  concern 
that  furnished  the  apparatus  for  delivering  pulverized  coal  to  the 
pair  of  horizontal  tubular  boilers,  under  which  the  original  experi- 
ments were  made  for  the  Illinois  Central  R.  R. 
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The  preparatory  apparatus,  consisting  of  a  Clark  crusher,  to- 
gether with  necessary  elevators  and  conveyors,  was  contained  in  a 
long  narrow  room  about  9  feet  wide.  The  apparatus  was  driven 
by  a  50  H.  P.  induction  motor.  The  operation  of  the  pulverizer 
and  the  elevating  and  conveying  machinery  was  not  very  satisfac- 
tory. They  did,  however,  make  a  good  many  tests,  which  I  presume 
are  a  matter  of  record. 

The  apparatus  was  taken  out  and  about  a  year  ago  I  was  en- 
gaged to  design  a  plant  for  the  preparation  of  the  pulverized  coal 
for  use  under  four  new  boilers  which  were  put  in  at  the  27th  St. 
Station.  The  design  entailed  such  a  large  expense,  and  as  it 
was  late  in  the  Fall,  the  plan  was  abandoned  and  the  water  jack- 
et legs  and  combustion  chambers,  which  had  been  placed  under  the 
boilers  for  the  pulverized  coal,  were  removed  and  the  boilers  have 
been  hand  fired  for  the  past  Winter,  on  account  of  the  necessity  of 
having  their  steam. 

We  are  at  present  erecting  the  horizontal  dryer  made  by  the  C. 
O.  Eartlett  Co.  of  Cleveland.  It  is  proposed  to  take  the  coal  from 
cars  and,  by  elevating  it,  send  it  through  the  dryer.  From  the  dry- 
er it  will  be  discharged  to  another  elevator,  which  will  put  the  dry 
coal  into  a  hopper  over  the  Clark  pulverizer.  From  the  pulverizer, 
it  will  be  delivered  by  an  elevator  to  a  feeding  hopper,  from  which 
the  coal  will  be  carried  to  the  boilers  in  sacks.  This  outfit  will 
be  used  for  experiments  which  will  be  carried  on  probably  during 
the  present  Spring  and  Summer. 

CLOSURE. 

J/r.  Sweetie}' — It  was  the  Cyclone  pulverizer  referred  to  in  the 
early  part  of  the  paper,  as  having  been  used  in  some  of  the  experi- 
ments of  Mr.  Winans,  and  I  believe  to-day  much  better  means  of 
pulverizing  coal  are  found  in  machinery  of  different  construction, 
such  as  the  Grii^n  mill,  which  is  extensively  used  in  work  of  this 
kind.  I  can  see  no  benefit  in  the  air  draft  talked  of,  because  any 
of  these  machines  makes  a  sufficient  amount  of  air  to  produce  the 
same  effect.  In  cases  of  coals  pulverized  under  conditions  where 
it  might  have  been  claimed  that  the  heating  of  the  coal  in  pulver- 
izing detracted  from  its  heating  unit  value,  chemical  analysis  has 
demonstrated  that  the  coals  were  in  no  way  injured.  What  may 
have  been  done  in  England  with  one  kind  of  coal  is  not  necessarily 
proof  as  to  what  may  be  done  with  other  kinds  of  coal,  and  we  can 
tell  more  about  the  Cyclone  when  it  has  handled  the  coals  which 
were  encountered  in  the  cases  referred  to  in  this  paper. 
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THE  OPPORTUNITIES  IN  THE  ELECTRICAL  BUSINESS.* 
Mr.  George  A.  Damon,  M.  W.  S.  E. 

The  electrical  business  is  a  complicated  one,  and  is  constantly 
undergoing  changes.  By  the  time  a  method  or  system  becomes 
standard  enough  to  be  looked  upon  as  a  precedent,  a  tendency 
develops  in  some  entirely  new  direction.  The  men  who  succeed 
in  electrical  work  must  therefore  be  quick  to  grasp  the  lessons 
of  the  past,  must  be  ready  to  appreciate  the  limitations  of  the 
present  and  above  all  should  be  alert  to  seize  the  opportunities 
for  improvement. 

The  leaders  in  the  various  branches  of  the  industry  during  the 
first  developments  when  electrical  work  was  an  art  and  not  a 
science,  were  graduates  from  the  well  known  university  of  "  Hard 
Knocks."  The  men  of  the  second  generation  of  workers  who  are 
now  doing  things  are  largely  the  product  of  a  semi-scientific  train- 
ing in  schools  of  technology,  supplemented  by  experience  of  a 
practical  nature  picked  up  in  a  more  or  less  haphazard  way.  A 
few  years  more  will  see  the  development  of  a  third  and  better 
prepared  generation  of  electrical  experts,  and  it  is  safe  to  say 
that  they  will  be  the  result  of  a  combination  of  a  practical  train- 
ing thoroughly  mixed  with  a  theoretical  education.  As  it  must 
be  expected  that  the  next  generation  will  be  superior  to  the  pres- 
ent one,  will  it  not  be  well  to  stop  for  an  instant  in  the  strenuous 
rush  for  results  and  make  a  few  suggestions  which  may  be  of 
assistance  to  our  successors  in  planning  their  life  work. 

"Work  harder,"  "dig  deeper,"  "put  in  a  better  cement  founda-^ 
tion,"  are  the  key  notes  of  the  suggestions  which  our  older  brothers 
give  to  us  as  the  result  of  their  experience,  and  the  ambitious 
young  man  will  be  quick  to  recognize  the  value  of  their  advice. 
But  what  is  wanted  most  is  some  definite  information  as  to  how 
to  spend  the  time  devoted  to  preparation  in  the  most  efficient 
manner,  and  how  to  get  the  benefit  of  a  combined  training  in 
theory  and  practice  in  the  most  effective  way. 

THREE    INQUIRIES. 

That  those  who  have  traveled  well  on  their  way  toward  their 
goal  will  have  many  opportunities  to  point  the  way  to  the  ones 
behind,  is  well  indicated  by  recounting  several  recent  conversations. 
The  first  was  with  a  boy  of  eighteen. 

"I  am  a  Senior  in  the  High  School,"  he  said,  "and  I  want  to 
become  an  electrical  engineer;  what  shall  I  do.? " 

♦This  paper  was  presented  at  the  first  meeting  of  the  Electrical  Section  of  the   Western  Society  of 
Engineers,  held  March  18,  1904. 
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He  was  strong,  bright,  ambitious  and  willing  to  work. 

*'  Some  men  tell  me  to  take  a  college  course  first  and  enter  prac- 
tical work  afterward ;  some  tell  me  to  get  a  few  years'  experience 
first  and  then  take  a  college  course,  while  still  others  tell  me  to 
study  several  years,  work  a  year  or  two  and  then  finish  my  Senior 
year.  In  planning  my  course  should  I  include  the  language  stud- 
ies or  cut  them  out  in  favor  of  shop,  laboratory  or  commercial 
courses.?  Should  I  try  to  get  through  in  three  years,  or  should 
I  extend  my  college  education  over  a  period  of  five  years.''  Others 
tell  me  to  leave  out  the  university  work  entirely,  go  to  work  in  the 
shop  or  upon  construction  work,  getting  what  theoretical  training 
I  require  by  attendance  at  night  school  or  by  taking  a  correspon- 
dence course.     What  shall  I  do.?" 

And  there  are  some  of  us  who  will  appreciate  the  young  man's 
bewilderment. 

The  second  conversation  was  with  a  professor  at  the  head  of 
the  electrical  department  of  one  of  our  leading  universities. 

"I  feel  highly  complimented,"  he  said.  "I  have  receiv^ed  a  letter 
from  one  of  the  largest  electrical  manufacturing  companies  in  this 
country,  offering  positions  to  my  entire  senior  class.  This  is  re- 
markable, for  in  Europe  it  is  the  custom  for  the  technical  gradu- 
ates to  pay  for  the  privilege  of  entering  the  shops  of  the  large 
companies.  But,"  he  continued,  "I  should  like  to  find  out  whether 
or  not  I  should  advise  my  boys  to  accept  this  offer.  What  has 
become  of  the  young  college  men  who  entered  the  shop  courses 
in  years  gone  by.?  Are  they  advancing  as  satisfactorily  as  the 
graduates  who  found  positions  in  other  parts  of  the  field.?  Have 
the  large  companies  taken  care  of  the  graduates  of  their  testing 
departments  with  sufficient  liberality  to  justify  a  young  man  in 
making  the  sacrifices  which  a  shop  course  entails.?  Would  it  not 
be  better  all  around  if  I  offered  the  large  company  the  services  of 
my  Junior  class  for  one  year.?     What  would  you  advise.?" 

The  professor  is  to  be  commended  in  his  search  for  information, 
and  in  his  evident  interest  in  seeing  his  "boys"  get  a  fair  start  in 
the  strenuous  race  in  which  they  have  entered. 

The  third  conversation  was  with  a  young  electrical  engineer  who 
had  graduated  from  high  school,  had  then  taken  a  college  course 
with  some  practical  work  during  vacations,  and  had  then  entered 
a  large  factory  as  a  "special  apprentice." 

"I  have  had  a  fine  experience,"  he  said,  "and  have  nothing  to 
regret.  Upon  leaving  college  I  went  into  the  testing  department 
of  a  large  electrical  manufacturing  company,  was  promoted  rapidly, 
and  finally  advanced  into  the  engineering  department.  My  com- 
pensation at  first  was  small,  but  it  has  gradually  been  increased 
until  at  the  end  of  five  years'  service  I  am  receiving  about  $1,500 
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per  year.  I  am  looking  out  for  the  future,  however,  and  am  not 
entirely  satisfied  with  the  prospect.  If  I  stay  with  my  present 
employers,  the  manufacturing  company,  my  work  must  be  narrowed 
to  one  department  of  the  work,  and  I  will  always  be  a  salaried  man 
without  an  opportunity  to  acquire  an  interest  in  the  business. 
Would  it  not  have  been  better  for  me  to  have  started  with  a  smaller 
company,  and  is  it  too  late  yet  for  me  to  begin  over  again.?  What 
would  you  suggest.?" 

Knowing  that  the  leading  electrical  men  of  Chicago  would  afford 
a  valuable  field  for  studying  results  and  would  welcome  an  oppor- 
tunity to  help  furnish  a  solution  for  the  problems  of  the  boy,  the 
professor  and  the  rising  young  electrical  engineer,  a  letter  of 
inquiry  was  sent  to  one  hundred  of  the  leading  men  in  Chicago 
engaged  in  the  various  branches  of  the  electrical  industry.  An 
opportunity  was  given  at  the  same  time  for  the  expression  of 
opinion  on  various  questions  pertinent  to  the  general  subject.  The 
response  to  the  circular  letter  was  hearty  and  spontaneous,  and  we 
are  under  obligations  to  one  hundred  of  our  friends  who  have 
so  kindly  consented  to  become  living  examples,  and  willing  to  be 
analyzed  for  the  good  of  the  cause.     The  following  is 


J^%4O0 

( 

O 

/ 

► 

/ 

^  3600 

3 

/ 

/ 

( 

1 

2  3200 

< 

QJ  2800 

/, 

d 

/ 

J 

/ 

' 

\ 

V 

/ 

< 

q:  2400 

^  22O0, 
<        12 

> 

/ 

/ 

f 

f 

/ 

\ 

lO 

Z 

/ 

1 

/ 

\ 

1 

V 

/ 

\ 

/ 

\ 

/ 

^ 

/ 

h    e 

\ 

/ 

\ 

/ 

I 

\ 

r 

\ 

\ 

1 

\ 

\ 

/ 

\ 

/ 

{ 

5 
D     2 

z 

\ 

/ 

\ 

] 

/ 

\ 

/ 

1 

\ 

/ 

28       30       32 


34       36       38      40 


42       <i>4 


164  Damon — Opportnyiities  in  the  Electrical  Business. 

AN    ANALYSIS    OF    RESULTS. 

Young  men  control  the  business.  The  inquiry  was,  therefore, 
confined  to  men  between  the  ages  of  27  and  45,  upon  the  theory 
that  the  older  men  are  the  product  of  a  set  of  conditions  which 
have  passed  away,  while  the  youngest  men  are,  as  a  rule,  still 
engaged  in  a  period  of  preparation.  The  number  of  men  of  each 
age  is  shown  graphically.  The  average  age  is  thirty-three  and 
one-half  years. 

The  average  income  at  each  age  is  also  plotted  on  a  gunshot 
diagram  and  a  line  of  average  incomes  determined  up  to  the  age 
of  thirty-eight,  after  which  there  was  not  sufficient  data  to  locate 
the  curve.  This  income  curve  starts  with  a  value  of  $2,170  at 
twenty-seven  and  extends  to  $4,000  at  the  age  of  thirty-eight. 
The  average  income  of  the  entire  one  hundred  men  is  $3,440  per 
year,  which  will  give  us  a  standard  by  which  we  can  measure  the 
different  branches  from  a  mercenary  standpoint. 

The  hundred  men  may  be  divided  into  groups  as  follows: 

No,  of  men 

Salesmen 7 

Sales  Managers 11 

Business  Men 10 

Sales  Engineers 8 

Electrical  Engineers .  .    16 

Constructing  Engineers .-  6 

Electrical  Experts 8 

Operating  Engineers   3 

Operating  Managers  and  Superintendents.  .10 

Professors  and  Editors 8 

Patent  Attorneys 4 

Consulting  Engineers 9 

Total  number  of  men,  100.  General  Averages:  age,  33^  years;  income, 

Classified  in  reference  to  incomes,  the  record  is  as  follows: 

Men 

Income  over  $10,000  per  year     3 

Income  between  $.5,000  and  $10,000   9 

Income  between  $2,400  and  $,3,000 66 

Income  below  $2,400 20 

Total  100 

It  should  be  stated  that  there  are  in  Chicago  at  least  one  hundred 
more  men  in  the  business  whose  incomes  will  average  about  the  same 
as  the  first  hundred  selected.  An  effort  was  made  to  make  the 
list  representative,  and  the  men  were  selected  on  account  of  their 
positions  without  reference  to  their  incomes. 

It  is  to  be  understood  that  the  dollar  is  not  the  most  desirable 
standard  by  which  to  measure  men  individually,  but  looked  upon 
as  a  class,  a  study  of  the  averages  furnished  by  the  inquiry  is 
interesting  and  may  be  made  instructive. 


verage 

Average 

Age 

Income 

83 

$2,400 

36 

3,400 

36 

4,800 

35 

2,350 

33 

2,800 

33 

2,850 

33 

3,200 

32 

2,250 

34 

3,550 

34 

2,500 

32 

4,000 

40 

6,400 

s;  income 

,  $3,440. 
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Salesmen  who  have  technical  ability  or  possess  engineering  in- 
formation, as  a  rule,  get  better  salaries  than  those  who  do  not. 

Add  initiative  and  executive  ability  to  the  salesman's  ability 
and  he  becomes  a  sales  manager  with  a  still  greater  reward. 

Enterprise  and  energy  put  the  man  in  possession  of  his  own 
business,  or  often  result  in  a  partnership  arrangement.  A  tech- 
nical man  without  the  commercial  instinct  is  only  fairly  well  paid. 
Ability  to  develop  new  methods  or  apparatus  puts  him  in  the 
expert  class  where  the  rewards  are  greater  and  in  proportion  to 
his  ability. 

Routine  work,  such  as  operating,  is  the  least  remunerative  work 
of  all.  Operating  managers  and  superintendents  however,  are 
very  well  paid. 

The  editors  were  classed  with  the  professors  as  there  were  too 
few  to  form  a  class  with  an  average  of  their  own. 

Our  professors  should  form  a  union,  as  they  are  certainly  en- 
titled to  higher  compensation,  and  as  we  all  appreciate  their  value 
we  would  help  them  win  should  they  decide  to  strike.  We  must 
grant  however,  that  they  get  rewards  in  seeing  the  living  results  of 
their  work,  which  is  a  compensation  worthy  of  considerable  sacrifice. 

The  phenomenal  development  along  all  electrical  lines,  and  par- 
ticularly in  the  telephone  business,  makes  the  profession  of  patent 
attorney  a  paying  one  for  those  who  are  qualified  for  that  kind  of 
work. 

The  field  of  consulting  electrical  engineering  looks  attractive, 
but  it  will  be  noted  that  the  average  age  is  greater  in  this  branch 
than  in  the  others,  which  means  that  the  successful  consulting 
engineer  brings  to  his  work  years  of  experience,  and  that  it  is 
therefore  not  a  branch  to  be  adopted  at  once  by  the  young  man. 

Forty  per  cent  of  the  men  in  the  list  are  employed  by  what 
might  be  termed  the  "large"  companies,  such  as  the  Western 
Electric,  Chicago  Edison,  Chicago  Telephone  Company,  etc. 

Thirty-five  per  cent  of  the  men  either  control  the  business  in 
which  they  are  engaged  or  own  a  partnership  interest. 

Twenty-five  per  cent  of  the  men  are  not  college  graduates. 

Twenty  per  cent  of  this  hundred  successful  men  never  had  any 
college  education  whatever. 

The  average  age  of  the  twenty  men  who  are  succeeding  without 
a  college  education  is  36  years,  and  their  success  measured  by  a 
monetary  standard  shows  an  income  of  $3,670  per  year. 

The  average  age  of  16  graduates  of  Cornell  is  also  36  years,  and 
their  success  measured  by  the  same  questionable  standard  is 
$4,940,  which  shows  a  balance  of  $1,270  per  year  in  favor  of  a 
college  education. 

It  will  be  noted  however,  that  the  twenty  men  without  the 
education   are  getting  along   financially  slightly  better    than   the 
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general  average  of  $3,440  per  year.  This  is  explained  by  the  fact 
that  in  their  number  are  included  several  men  who  are  prospering 
as  a  result  of  their  business  enterprise. 

There  are  few  non-technical  men  engaged  in  the  strictly  techni- 
cal end  of  the  business  who  reach  the  average  income. 

There  seems  to  be  more  openings  for  the  man  without  a  college 
training  in  the  telephone  field  than  in  any  other. 

The  inquiry  into  the  domestic  arrangements  of  our  hundred  ex- 
amples shows  that  75  per  cent  of  them  are  married.  The  families 
are  composed  of  45  boys  and  30  girls. 

Out  of  the  hundred  men  selected  only  56  per  cent  belong  to  the 
American  Institute  of  Electrical  Engineers. 

The  answers  to  the  questions  upon  which  an  expression  of  opin- 
ion was  asked  resulted  as  follows : 

Eighty  per  cent  are  inclined  to  think  that  a  college  education  is 
essential  to  the  highest  success. 

Seventy  per  cent  are  in  favor  of  the  technical  graduate  taking  a 
shop  course  in  a  large  manufacturing  company,  but  many  wished  to 
limit  this  course  to  one  year. 

Fifty-five  per  cent  are  of  the  opinion  that  in  choosing  a  life  work 
better  chances  for  advancement  will  be  found  with  the  smaller 
companies. 

Seventy  per  cent  are  in  favor  of  requiring  a  year's  practical  work 
of  the  student  before  graduation. 

Fifty-five  per  cent  agree  that  the  larger  companies  would  be  con- 
sulting the  interest  of  the  art  at  large  by  offering  an  apprentice 
course  open  to  students  during  an  intermission  of  one  or  two  years 
before  completing  the  senior  year. 

The  exact  wording  of  the  questions,  to  which  some  objection  was 
made,  and  a  number  of  instructive  and  qualified  answers  to  each 
are  given  at  length  in  the  addenda.  These  opinions  from  men 
actually  "  doing  things  "  are  well  worth  careful  study. 

OPPORTUNITIES. 

Each  of  the  hundred  men  included  in  the  inquiry  were  asked  to 
name  the  three  fields  which  he  considered  most  promising  within 
the  immediate  future  and  the  votes  received  are  as  follows : 

Electric  Railway  Work   63 

Telephony 36 

Transmission 30 

Electro-chemistry 29 

Power  Applications 21 

Lighting  Developments. .    13 

Manufacturing ....    11 

Central  Station  Work 9 

Patent  Law 6 

Consulting  Engineering 6 

Contracting .  .    5 
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Management  of  Properties 5 

Storage  Batteries. .    .  .    4 

Reconstruction  of  Plants 3 

Mining 3 

Metallurgy 3 

Turbines 2 

Wireless  Telegraphy,  Designing,  High  Speed  Telegraphy,  Underground  Conduit 

Construction,  Isolated  Plants,  Train  Lighting  and  Municipal  Lighting,  each..  1 

As  a  result  of  personal  observation,  tempered  somewhat  by  the 
opinions  of  the  electrical  men,  with  whom  the  questions  have 
been  discussed,  the  writer  wishes  to  present  the  following  con- 
clusions : 

A  COLLEGE  EDUCATION. 

A  young  man  wishing  to  succeed  in  any  branch  of  electrical  in- 
dustries makes  a  serious  mistake  if  he  fails  to  use  every  effort  to 
obtain  a  technical  education.  A  college  course  is  becoming  easier 
to  obtain  and  it  is  already  recognized  as  a  general  requirement  for 
advancement.  A  young  man  of  high  aspirations,  who  is  so  situated 
that  he  cannot  secure  a  university  course,  might  better,  nine  times 
out  of  ten,  take  up  some  other  branch  of  work  which  is  less  intri- 
cate than  the  electrical  art.  Thomas  Edison,  the  Dean  of  the  pro- 
fession, is  not  a  college  man,  but  a  gold  medal  bearing  his  name  is 
to  be  given  hereafter  each  year  to  the  college  graduate  presenting 
the  best  thesis,  and  this  incident  is  the  best  evidence  of  the  present 
tendency  toward  technical  education.  Nearly  every  man  who  is 
now  making  his  way  in  the  electrical  business  without  a  college 
training,  if  asked  what  he  would  do  if  he  had  his  life  to  live  over 
will  say :  "  I  would  secure  a  technical  course  in  the  best  college  I 
could  find." 

CORRESPONDENCE    SCHOOLS. 

A  technical  course  in  a  correspondence  school  which  can  give 
the  proper  training  for  an  electrical  engineer  is  yet  to  be  produced. 
The  correspondence  schools  are  doing  a  good  work  and  are  to  be 
recommended  to  those  who  cannot  possibly  avail  themselves  of  a 
college  course  or  get  instruction  in  evening  school,  courses  such 
as  offered  by  Armour  or  Lewis  Institutes,  but  a  young  man  who 
will  deliberately  choose  correspondence  instruction  if  anything  else 
is  available  is  making  a  serious  mistake.  Of  the  hundred  men  in 
the  list  only  two  had  completed  a  correspondence  course.  These 
two  men  were  engaged  in  telephone  work,  and  both  voted  in  favor 
of  a  college  course. 

PRACTICAL    EXPERIENCE. 

Practical  experience  is  as  essential  as  theoretical  training.  Too 
little  attention  has  been  paid  by  students  in  getting  into  thorough 
contact  with  the  way  things  are  actually  done.  This  is  the  result 
of  the  general  practice  of  allowing  the  young  man  to  shift  for  him- 
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self.  "I  can't  get  a  job  without  experience,"  he  says,  "and  I  can't 
get  experience  without  a  job ;  "  and  then,  more  or  less  discouraged 
at  the  outlook,  he  takes  the  first  opening  which  presents  itself,  and 
it  may  or  may  not  be  the  kind  of  work  for  which  he  is  fitted. 
What  is  needed  is  a  general  clearing-house  of  information,  a  closer 
union  between  the  ambitious  student  and  the  successful  men  who 
have  been  pioneers  in  the  work.  The  electrical  business  has  now 
progressed  far  enough  that  the  actual  experience  essential  for  the 
highest  success  along  any  one  of  its  various  lines  can  be  generally 
indicated  by  experts  familiar  with  the  ground  to  be  covered.  It  is 
time  therefore,  to  abandon  a  thoughtless  and  perhaps  selfish  attitude 
toward  the  beginner  and  make  some  organized  effort  to  map  out 
the  territory  which  he  must  travel  with  guide  posts  and  signs 
marked  :     "  This  Way  to  the  Front." 

An  association  of  thoroughly  successful  men  should  exercise 
some  supervision  over  the  preparation  of  the  coming  generation.  If 
it  is  true  that  the  art  is  suffering  today  from  a  lack  of  trained  men 
ready  to  take  up  and  solve  the  problems  which  are  all  about  us, 
what  must  we  expect  of  the  morrow  with  its  widening  opportuni- 
ties }  The  student  branches  of  the  American  Institute  of  Electrical 
Engineers  and  the  recently  formed  Edison  Medal  Association  are 
moves  in  the  right  direction,  but  only  a  beginning  toward  realizing 
the  possibilities.  Considerable  attention  is  being  given  to  develop 
the  best  technical  course,  but  a  college  training  is  less  than  half 
of  an  education.  What  constitutes  the  other  half  is  a  big  problem 
waiting  for  a  comprehensive  answer. 

SHOP    COURSES. 

The  policy  of  the  large  companies  in  offering  apprentice  courses 
and  opportunities  for  experience  in  their  testing  departments  is  to 
be  commended.  This  practice,  as  carried  on  in  some  cases,  how- 
ever is  to  be  criticised.  A  representative  of  a  large  manufactur- 
ing company  visits  a  technical  school,  offering  to  give  positions  to 
all  the  members  of  the  Senior  class;  the  professor  is  highly  com- 
plimented at  this  remarkable  courtesy,  and  advises  his  students  to 
accept.  The  "shop"  course  usually  covers  a  period  of  two  years. 
The  hours  are  long  and  the  pay  is  small.  The  "experience" 
gained  by  the  student  may  or  may  not  justify  the  sacrifice.  "It 
depends  largely  on  the  man."  In  the  meantime  the  large  company 
has  a  good  opportunity  to  select  the  material  which  it  requires  for 
its  own  use,  and  perhaps  twenty-five  per  cent  of  the  shop  graduates 
have  reason  to  feel  enthusiastic  over  the  system;  the  others  pass 
through  days  and  nights  of  discouragement,  and  many  leave  the 
shop  with  a  sense  of  failure,  which  is  sure  to  have  an  influence  on 
their  future. 

All  men  are  not  built  alike.     Then  why  grind  them  through  the 
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same  mill?  Should  not  some  selections  of  materials  be  made  before 
the  mills  are  started,  a  sorting  over  made  earlier  in  the  process? 
Perhaps  the  mills  themselves  could  be  made  a  little  more  efficient. 
It  does  seem  possible  that  a  commission  made  up  of  the  broadest 
men  in  the  profession,  some  from  the  large  companies  and  some 
from  outside  practice,  could  do  much  toward  improving  the  facil- 
ities and  present  systems  for  "getting  experience."  On  behalf  of 
the  students  now  in  the  colleges  who  have  still  to  face  the  practical 
problems,  an  appeal  for  help,  information  and  suggestions  is  made. 

THE    student's    PART. 

The  trouble  with  a  great  many  young  men  is  that  they  don't 
"find"  themselves  early  enough  in  life.  They  fail  to  realize  the 
possibilities  and  are  not  prepared  to  grasp  their  opportunities. 
Ambition,  Aptitude,  Preparation  and  Hard  Work  are  the  stepping 
stones  to  successful  attainment.  Let  the  ambition  to  excel  be 
deeply  seated  and  directed  along  the  lines  of  natural  endowment; 
let  the  purpose  be  firm,  and  as  day  follows  night  the  preparation 
will  be  thorough  and  the  man  will  be  known  by  his  works.  *Tf  I 
had  it  to  do  over  again  I  would  pick  out  some  definite  line  of  work 
suited  to  my  talents  and  work  like  fury"  is  the  advice  of  many 
successful  and  even  unsuccessful  men. 

The  purpose  of  this  paper  is  to  encourage  a  general  discussion, 
which  may  be  of  some  help  in  arousing  the  latent  ambitions  of  the 
young  men  who  have  not  selected  their  life  work,  by  showing 
them  the  boundless  opportunities  of  an  undeveloped  science;  to 
encourage  the  efforts  of  the  students  in  our  colleges  by  presenting 
the  results  which  have  been  attained  by  their  predecessors;  to 
crystalize  the  sentiment  in  favor  of  a  scientific  combination  of 
theory  and  practice,  and  finally,  to  give  an  opportunity  to  the  men 
on  the  fighting  line  to  point  the  way  to  their  successors  who  must 
come  to  the  front  prepared  in  every  way,  if  they  intend  to  take 
some  part  in  the  phenomenal  developments  which  are  to  be  ex- 
pected. 

In  order  to  direct  the  discussion  along  definite  channels  the  fol- 
lowing is  offered  as  a  suggestion  to  a  young  man  seriously  consider 
ing  engaging  in  the  electrical  business : 

A  SPECIFICATION  FOR  SUCCESS. 

In  general — The  purport  and  intent  of  this  specification  is  to 
cover  the  labor  and  material  required  to  produce  in  complete  work- 
ing order  a  man  prepared  to  attain  his  own  ideal  of  success  in  that 
branch  of  electrical  work  which  he  may  elect. 

It  is  to  be  understood  that  the  omission  of  the  mention  of  small 
details  in  this  description  does  not  obviate  the  necessity  of  their  be- 
ing   furnished.     What    is  wanted    is    a    thoroughly    trained,    well 
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seasoned,  broad  minded  man,  complete  with  an  individual  character,^ 
a  strong  intellect,  and  a  sincere  purpose. 

Plans — He  will  form  his  ambition  early  in  life. 

He  will  take  a  natural  interest  in  the  history  of  men  of  eminence 
in  his  chosen  work  and  their  achievements  will  inspire  him  with  a 
desire  to  accomplish  great  things. 

He  will  develop  his  imagination  and  constantly  broaden  his  con- 
ception of  his  own  possibilities. 

He  will  seek  to  learn  what  the  world  wants  and  then  will  en- 
deavor to  train  his  natural  abilities  so  as  to  supply  that  want. 

Foiindatio)is — He  will  as  a  boy  develop  a  knack  of  "  doing 
things"  either  as  a  mechanic,  as  a  draftsman,  or  in  some  boyish 
business  enterprise,  and  a  combination  of  any  two  or  all  three  pro- 
clivities is  desirable. 

He  must  early  learn  the  advantage  of  doing  some  one  thing  well, 
but  he  should  not  allow  praise  for  his  proficiency  to  encourage  him 
to  neglect  study  along  the  lines  he  does  not  naturally  fancy. 

He  will  prepare  for  college  and  during  this  period  of  preparation 
he  will  get  enough  experience  in  practical  work  to  demonstrate  that 
he  has  made  a  wise  choice  for  his  life  work. 

He  will  not  let  the  attractions  of  practical  work  interfere  with 
his  intentions  to  secure  the  best  theoretical  and  technical  training 
the  country  affords. 

Dimensions — He  will  endeavor  early  to  "  earn  money  "  by  doing 
useful  work,  and  will  seek  employment  outside  of  his  study  hours. 
Everything  he  attempts  he  will  complete  to  the  best  of  his  knowl- 
edge and  ability. 

He  will  put  himself  on  a  self-supporting  basis  as  soon  as  pos- 
sible, and  will  earn  his  own  way  through  college.  If  he  receives 
financial  assistance,  he  will  treat  it  as  borrowed  money,  to  be  re- 
turned, and  he  will  keep  the  debt  within  reasonable  limits. 

He  will  not  allow  any  false  sentiment  "  to  finish  with  his  class  " 
prevent  him  from  stopping  out  one  or  even  two  years  during  his 
college  course  to  add  to  his  store  of  practical  experience  along  elec- 
trical or  allied  lines. 

He  will  determine  for  himself  whether  he  intends  to  realize  on 
his  possibilities  quickly  or  whether  he  will  lay  a  broader  foundation 
for  a  slower  but  higher  development. 

General  Design — Each  bidder  will  state  the  percentage  which  he 
is  prepared  to  guarantee  in  connection  with  the  following  qualities : 
Health  Decision  Industry 

Ambition  Purpose  Stick-to-itiveness 

Honesty  Up-to-dateness  Grit 

Truthfulness  Originality  Thoroughness 

Temperance  Energy  Neatness 
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Self-control  Common  Sense  System 

Patience  Initiative  Dispatch 

Cheerfulness  Enterprise  Punctuality- 

Self-respect  Enthusiasm  Judgment 

Self-reliance  Concentration  Tact 

Courage  Executive  Ability       Good  Manners 

Observation  Scholarship.  Capacity  for  Hard  Work 

Consideration  will  be  given  to  guarantees  of  high  efficiency  of 
each  item.  It  is  suggested  that  all  of  these  qualities  be  carefully 
measured. 

Capacity — Even  i^  the  young  man  possesses  only  ordinary  tal- 
ents, his  capacity  for  hard,  conscientious,  intelligent,  well-directed 
work  will  attract  attention  and  win  advancement. 

When  the  occasion  demands  he  will  be  able  to  stand  a  long  run 
on  overload  or  respond  to  excessive  demands  for  short  periods  with- 
out permanent  injury. 

He  will  be  able  to  direct  others  and  will  not  depend  entirely 
upon  his  unaided  efforts  for  results. 

Operation — He  will  work  quietly,  and  will  be  turning  in  the 
right  direction  every  minute  in  a  simple,  direct,  and  accurate  way. 

He  will  join  that  great  army  of  workers  who  are  actually  doing 
things  rather  than  that  smaller  class  of  men  who  occupy  most  of 
their  time  in  telling  what  they  are  going  to  do. 

Parallel  operation — As  a  student  he  will  enroll  as  a  member  of 
the  Student  Branch  of  the  American  Institute  of  Electrical  Engi- 
neers and  take  a  lively  interest  in  the  Institute  papers  and  discus- 
sions. In  practice  he  will  advance  to  Associate  membership  and 
will  look  forward  to  the  day  when  he  has  added  sufficient  to  the  art 
to  be  considered  worthy  of  Active  membership. 

If  he  locates  in  Chicago  or  in  the  West  he  will  become  a  work- 
ing member  of  the  Electrical  Section  of  the  Western  Society  of 
Engineers. 

He  will  make  friends  among  his  superiors,  who  will  respect  his 
ambitions  and  will  be  glad  to  assist  him  in  realizing  his  ideals. 

He  will  study  men  and  know  how  to  deal  with  them. 

Work  to  be  done  by  otJiers — Parents  should  study  their  children 
and  encourage  them  to  develop  their  natural  tendencies. 

Teachers  should  get  hold  of  their  students  personally  and  as  far 
as  possible  treat  each  case  individually. 

More  occasions  should  be  made  for  successful  men  to  meet 
students  and  give  them  the  benefit  of  their  advice  and  experience. 

The  students  should  not  be  isolated  in  a  little  world  of  their 
own,  but  should  be  brought  in  contact  with  an  atmosphere  of 
actual  affairs. 

Above  all,  some  method  must  be  devised  to  guide  the  young 
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man  to  and  through  the  course  of  practical  experience  best 
adapted  to  his  quahfications  and  purpose  in  Hfe. 

Shop  tests — If  he  enters  the  shop  or  testing  department  of  a 
manufacturing  company,  he  will  make  a  bargain  which  will  result 
in  his  getting  an  all  around  experience  in  exchange  for  his  services, 
and,  while  in  the  shop,  will  keep  on  the  move  in  every  sense  of 
the  word. 

He  will  seek  to  make  himself  thoroughly  practical  in  all  his 
ideas  and  methods  of  work. 

Finish — He  will  include  in  his  preparations  considerable  literary 
work  and  will  seek  after  a  general  culture.  He  will  study  at  least 
one  foreign  language. 

He  will  regard  his  college  work  as  only  the  beginning  of  his 
education  and  will  be  a  student  always. 

He  will  seek  practice  in  the  art  of  expressing  himself,  and  will 
occasionally  write  a  paper  on  some  technical  subject. 

He  will  become  interested  in  some  social,  educational  or  reform 
movement,  and  will  avoid  becoming  a  recluse  interested  only  in  his 
own  work. 

Inspection — During  his  Senior  year  he  will  submit  a  thesis  in 
competition  for  the  Edison  Medal  and  even  if  he  fails  to  get  the 
prize  his  effort  will  demonstrate  his  sincerity  and  will  show  the 
thoroughness  and  breadth  of  his  preparations. 

Fittings — He  will  find  it  necessary  to  possess  accurate  knowledge 
of  nearly  every  branch  of  science,'  including  physics,  chemistry, 
mathematics,  mechanics,  pneumatics,  hydraulics,  mining,  metallurgy, 
and  civil  engineering. 

He  must  know  something  about  accounts  and  a  great  deal  about 
business  and  commercial  law. 

He  will  find  that  the  electrical  business  is  so  broad  in  its  scope 
that  a  natural  aptitude  in  any  direction  can  be  made  of  use. 

Cojnplction — He  will  make  every  sacrifice  to  get  a  thorough 
preparation  and  a  broad  experience  up  to  the  age  of  28  or  30  years. 

He  will  accomplish  much  between  the  age  of  30  and  45,  at  the 
end  of  which  time  he  will  be  well  settled  in  his  business  or  pro- 
fession. 

Let  us  leave  him  at  this  time  to  inherit  his  own.  May  he  live 
long  and  prosper. 
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ADDENDA. 

The  following  are  some  of  the  answers  received  in  reply  to  a  set 
of  questions  sent  to  one  hundred  electrical  men  in  Chicago : 

Question  No.  i. 
Is  a  college  education  essential  to  the  highest  success  ? 

"It  is  essential  to  some  but  not  to  others  ;  it  is  a  good  thing  for  any  one. " 

"Yes,  unless  the  man  is  a  very  unusually  industrious  and  talented  person." 

"  Unless  a  man  is  born  with  remarkable  aptitude  for  engineering  work,  he  can- 
not longer  e.xpect  to  surpass  those  who  have  been  technically  trained,  and  if  he  has 
such  talent  the  technical  education  will  benefit  him." 

"It  is  more  and  more  going  to  be  that  way  ;  there  are  now  ten  college  graduates 
in  leading  positions  where  there  was  one  only  ten  or  fifteen  years  ago." 

"Not  strictly  essential,  but  a  potent  factor  in  advancement.  I  believe  a  col- 
lege education  gives  a  person  greater  adaptability  to  perform  duties  of  a  greatly 
varying  nature,  and  to  acquire  proficiency  and  efficiency  more  rapidly." 

"Yes  in  at  least  75  per  cent  of  the  cases.  There  are,  however,  qualifications  to 
which  some  men  are  born  heir  which  enable  them  to  achieve  success  in  the  elec- 
trical business  sometimes,  even  as  did  Lincoln  in  the  profession  of  law." 

"  I  should  say  that  a  college  education  was  very  essential  to  the  best  success  to 
be  attained,  but  I  would  qualify  the  college  education  with  a  good,  hard,  practical 
training  in  the  shops  and  in  the  field.  A  man  who  has  been  'through  the  mill' 
and  has  not  had  a  college  education,  can  do  more  work  in  a  month  than  a  college 
man  can  do  in  a  year,  because  he  has  been,  or  should  take  in  technical  studies 
when  he  is  off  work,  whereas  the  latter  cannot  take  practical  work  when  he  is  off 
studies." 

"Necessary  for  an  Engineer.  Not  necessary  for  commercial  success.  Neces- 
sary for  the  'highest  success,'  which  means  a  well  balanced  development." 

"Not  essential,  but  advisable  unless  the  recipient  becomes  thereby  too  'chesty' 
to  begin  down  where  the  concrete  starts." 

"  A  college  education  is  certainly  advisable  for  the  highest  success.  It  is  pos- 
sible for  a  man  to  get  an  education  at  home  or  in  business  and  be  as  successful  as 
the  man  spending  a  term  of  years  in  college,  but  it  is  not  as  convenient  and  he  is 
not  as  a  rule  as  well  educated  in  every  technicality.  If  he  has  a  strong  and  de- 
termined will  that  he  will  climb  to  success,  he,  of  course,  puts  in  long  hard  hours 
of  work,  if  he  undertakes  to  succeed  without  a  college  education  ;  whereas,  his 
path  is  easier  if  he  has  time  to  take  this  technical  training.  Experience  of  course, 
is  an  absolute  necessity  if  a  man  is  going  to  master  any  profession.  " 

"  Not  essential  but  undoubtedly  advantageous  in  business  and  certainly  a  great 
addition  to  one's  enjoyment  of  life." 

"I  should  say  that  a  technical  education  was  the  best  means  by  which  a  young 
man  could  advance  himself.  The  trouble  to  get  along  without  the  necessary  edu- 
cation is  like  a  mechanic  trying  to  work  without  tools.  I  would  say  in  summing 
up  to  start  with,  a  young  man  must  necessarily  have  some  natural  ability  as  a 
mechanic  if  he  wishes  to  pursue  the  practical  end  of  the  electrical  business.  Fur- 
thermore, he  must  be  prepared  to  put  in  a  great  many  years  of  hard  work  if  he 
wishes  to  succeed.  If  I  may  use  the  word  'stick-to-it-iveness,'  I  think  that  will 
express  what  I  am  trying  to  get  at.  There  are  so  many  young  men  who  have 
started  in  to  work  for  the  Company  which  employs  me,  who  made  a  very  good  be- 
ginning, but  who  did  not  last  long. 

Question  No.  2. 

Does  a  technical  graduate  consult  his  best  interests  by  accepting 
a  position  as  "  special  apprentice,"  or  work  in  the  "  testing  depart- 
ment "  of  a  large  manufacturing  company.? 

"It  depends  on  whether  or  not  he  intends  to  become  a  central  station  manager 
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or  strictly  an  Electrical  Engineer.  It  is  desirable  in  any  case,  but  unnecessary, 
as  time  is  limited  if  he  intends  to  be  the  former.  " 

"Yes,  if  he  does  not  stay  too  long  in  one  place." 

"  Yes,  but  don't  fall  into  a  rut." 

"  I  think  he  does,  provided  he  does  not  stay  at  it  too  long." 

"  I  think  a  year  of  such  work  is  sufficient  for  a  good  mind. " 

"  Decidedly,  yes.  For  best  results  it  is  desirable  that  a  variety  of  work  be  pro- 
vided, with  a  fair  amount  of  responsibility  involved." 

"Only  in  case  he  hasn't  become  expert  with  testing  instruments  before  gradu- 
ation (and  many  have  not),  or  in  case  he  can  not  get  a  position  that  will  afford  him 
a  broadening  experience.  " 

"This  depends  on  what  his  previous  experience  has  been  ;  a  year's  experience 
with  a  large  manufacturing  company  is  of  great  value." 

"  Not  necessarily,  as  there  are  other  ways  to  get  practical  experience  " 

"  This  question  can  be  answered  both  in  the  negative  and  in  the  affirmative,  as 
the  man  should  first  consider  his  qualifications  and  natural  tact,  as  well  as  the  par- 
ticular branch  of  the  industry  he  will  seek  to  perfect  himself  in.  In  most  instances 
however,  for  a  limited  time  such  experience  would  be  highly  valuable,  but  in  most 
cases  should  not  be  a  permanent  thing." 

"If  he  does  so  to  gain  experience,  yes  ;  but  if  with  the  expectation  of  soon  ris- 
ing to  a  high  position,  no." 

"Yes,  if  he  does  not  stay  too  long  with  the  big  company." 

"  Yes,  a  graduate  cannot  be  too  familiar  with  the  details  of  standard  apparatus. 
Such  information  can  be  easily  obtained  in  the  various  testing  departments." 

■'Yes,  he  gets  a  greater  variety  of  experience  there  than  he  will  at  any  other 
place." 

"  Under  certain  circumslances  he  may.  I  think  he  should  look  the  field  over 
very  carefully  before  taking  them." 

"In  my  opinion,  a  technical  graduate  consults  his  best  interest  by  accepting  a 
position  for  practical  experience  in  a  testing  department  of  a  large  manufacturing 
company  where  machinery  and  apparatus  are  put  together,  tested,  and  the  results 
of  the  designer  exposed.  In  taking  all  classes  of  machinery,  devices  and  apparatus 
produced  by  a  large  manufacturing  company,  he  in  this  way  gets  the  very  best 
results  in  the  line  of  experience.  If  he  confines  his  time  to  some  special  work,  he 
only  becomes  expert  in  that  special  branch  and  in  a  sense  is  unfit  for  broad  and 
general  work. " 

"  Practical  experience  at  the  bottom  of  the  ladder  is  essential  to  try  out  a  man 
and  fit  him  for  greater  responsibilities." 

"This  is  too  broad  a  question.  The  choice  depends  entirely  upon  what  your 
aim  in  life  is.  Experience  with  a  large  manufacturing  company  is  without  doubt 
a  very  great  help." 

"A  safe  step  to  take,  but  there  is  other  experience  which  is  equally  valuable." 

"  The  trouble  with  the  college  graduate  of  today  is  that  he  wants  to  make  too 
much  money  at  the  start,  and  is  not  satisfied  to  accept  a  menial  position  which 
might  possibly  lead  to  better  things  in  a  few  years.  He  jumps  at  a  position  which 
offers  a  moderate  salary  without  looking  ahead,  thinking  he  is  pursuing  the  best 
course,  when,  as  a  matter  of  fact,  he  is  on  the  wrong  tack  entirely." 

"  The  only  real  practical  place  to  learn  any  electrical  engineering  of  practical 
value. " 

"  It  depends  on  the  branch  one  intends  to  pursue.  If  he  is  going  to  do  design- 
ing, I  would  say  yes." 

"  A  graduate  has  a  small  field  of  work  unless  he  takes  up  practical  work.  Shop 
practice  gives  him  experience  in  the  shortest  time." 

Question  No.  3. 
Does  employment  with  the  larger  companies  offer  the  same  op- 
portunities for  advancement  as  work  with  comparatively  smaller 
organizations  t 

"Salary  possibilities  are  greater  with  the  large  company.  More  varied  experi- 
ence with  a  small  company." 
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"Probably  not,  but  it  offers  a  more  varied  experience  and,  as  a  rule,  greater 
minds  as  superiors. " 

"It  depends  upon  the  ability  and  ambitions  of  the  man.  In  general,  a  man 
will  fare  better  financially  with  the  small  organization,  but  if  his  ambition  is  to 
become  an  official  in  a  large  organization,  I  would  advise  beginning  with  it." 

"It  depends  whether  he  has  a  relative  among  the  directory  to  push  him; 
otherwise  he  is  liable  to  lose  his  identity  and  be  washed  overboard." 

"  This  is  rather  difficult  to  answer  ;  it  depends  upon  the  person  and  also  upon 
the  company.  While  they  may  offer  the  same  opportunities,  other  things  being 
equal,  advancement  would  probably  be  more  rapid  with  the  smaller  company." 

' '  In  general,  no  ;  yet  some  men  would  doubtless  find  greater  opportunities  with 
the  large  concerns." 

"  It  offers  exceptional  opportunities  to  a  few  of  the  best,  but  the  others  would 
do  better  with  smaller  concerns." 

"Not  if  the  men  in  charge  of  small  ones  are  as  good  as  the  big  companies. 
Nothing  better  than  being  'next  '  a  big  man." 

"I  believe  a  beginning  with  a  smaller  company  and  ending  in  a  larger  one 
would  be  the  best  way." 

"  As  a  rule,  no.  A  man  with  a  large  company  is  more  generally  confined  to 
specific  and  classified  lines,  while  with  a  smaller  company  has  the  opportunity  of 
a  more  general  research  and  greater  opportunities  for  advancement  with  the  growth 
of  the  concern,  considering  of  course  that  sufficient  conservatism  predominates 
the  management." 

"  For  professional  advancement,  yes  ;  for  financial  advancement,  no." 
"Cream  comes  to  the  top  from  a  large  pan  of  milk  as  well  as  from  a  small  one." 
"With  large  companies  advancement  is  likely  to  be  slower,  especially  at  the  be- 
gmning,  but  the  possibilities  for  future  are  also  better  to  the  'right  man  '.' 

"  I  should  say  that  large  companies  offer  more  opportunities  for  advancement 
than  small  companies,  because  if  a  technical  graduate  is  on  to  his  job,  he  will  com- 
mence at  the  lowest  possible  point  he  can,  and  go  through  all  the  varying  duties 
that  may  be  laid  upon  him,  and  so  gain  experience  in  all  the  branches,  provided 
however,  that  his  pocket  can  stand  the  drain,  as  he  might  not  be  content  to  start 
in  at  $30  a  month  and  be  content  to  learn  something  which  would  enable  him  to 
double  his  salary  in  a  very  short  time." 

"Would  advise  associating  with  small  companies  at  first.  With  business 
ability,  combined  with  engineering  skill,  financial  success  would  be  greater  with 
small  organizations.  I  believe  there  is  more  opportunity  for  great  engineering 
work  in  larger  companies,  and  therefore  more  success  from  a  purely  engineering 
standpoint. 

"  It  has  been  my  experience  that  no  matter  what  branch  of  business  a  young 
man  enters,  if  he  is  capable  of  good  hard  work,  he  will  finally  drift  into  the  depart- 
ment of  that  business  to  which  he  is  best  suited.  Of  course  there  are  some  com- 
panies that  are  narrow-minded  and  do  not  give  a  young  man  a  chance,  but  I  have 
not  considered  companies  of  this  kind.  A  man  will  never  succeed  in  any  business 
if  he  does  not  like  the  work  connected  with  it  in  all  its  branches.  Neither  will  he 
succeed  if  he  tries  to  confine  the  hours  of  working  each  day  to  any  fixed  limit.  " 

"Two  or  three  years  ago,  when  I  had  occasion  to  make  inquiry,  statistics 
showed  that  of  the  technically  educated  students  who  enter  the  employ  of  our  com- 
pany, about  half  the  men  continued  with  the  company,  the  other  half  finding  posi- 
tions elsewhere.  I  presume  that  this  is  true  at  this  time.  We  have,  as  you  know, 
some  300  students  in  our  testing  department,  and  we  draw  from  them  not  only 
for  openings  in  our  engineering  departments,  both  at  our  works  and  district 
offices,  but  also  for  our  commercial  departments.  It  is  possible  that  a  larger  por- 
tion of  the  men  would  find  it  to  their  interest  to  obtain  employment  with  small 
local  central  station  or  manufacturing  companies,  but  in  general  the  rule  is  true  that 
water  finds  its  proper  level,  and  I  think  the  above  statistics  answer  the  question." 
"  No.  The  educational  advantages  are  great  with  a  large  company,  but  oppor- 
timities  for  advancement  less  for  the  average  man,  though  the  maximum  attain- 
ment is  of  course  greater." 

"  No,  unless  the  man  is  especially  clever  or  has  a  brilliant  personality." 
"  For  men  of  unusual  ability  or  talents  it  does  ;  for  mediocre  men  it  does  not." 
"  No.     In  a  small  organization  a  man  gets  a  broader  view  of  the  business  from 
all  sides.     In  a  large  concern  his  view  is  extremely  limited." 
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"  My  judgment  is  that  employment  with  large  companies  affords  more  facilities 
and  opportunities  for  advancement  than  does  the  smaller  organization,  because 
there  is  a  greater  variety  of  work,  giving  a  man  a  broader  experience  and  making 
him  more  valuable  to  his  employer  and  to  himself." 

"  General  knowledge  is  more  readily  obtained  with  the  small  company.  Detail 
with  the  large  company.     Either  aflords  opportunities  for  "rustlers." 

"In  salaries,  yes;  but  not  in  the  satisfaction  a  man  gets  out  of  his  work,  nor 
usually  in  the  breadth  of  his  view." 

"Better,  if  he  knows  his  aptitudes  and  has  determined  on  his  proper  line  of 
work.      Not  so  good,  if  he  has  not  yet  '  found '  himself.  " 

"  Men  do  not  get  rich  'on  salary.'  Employment  with  a  large  company  means 
little  or  no  opportunity,  even  to  gain  interest  in  the  concern.  The  'good'  man 
does  better  in  the  small  concern  ;  the  'exceptional '  man  in  the  larger  one." 

"Not  the  same;  but  opportunities  greater  in  extent  and  number  and  import- 
ance than  smaller  organizations." 

"No,  I  think  not.  Large  companies  have  a  few  good  positions  but  the 
chances  of  obtaining  them  are  few." 

"My  opinion  is  that  more  rapid  advancement  is  realized  with  the  smaller  com- 
panies, and  the  ultimate  degree  lies  largely  with  the  individual." 

"  I  do  not  think  it  does.  In  the  large  organizations  there  is  a  tendency  to  get 
into  a  rut,  and  a  temptation  to  stay  in." 

"  I  believe  it  is  about  an  equal  thing,  but  personally  favor  the  smaller  organiza- 
tions." 

"  No,  a  young  man  in  a  large  corporation  is  merely  a  cog  in  a  wheel  and  has  no 
opportunity  to  become  acquainted  with  other  departments.  A  young  man  could 
wisely  spend  a  little  additional  money  and  work  tor  nothing  or  even  pay  for  the 
privilege  of  being  able  to  work  in  all  the  various  departments  in  large  companies." 

Question  No.  4. 

Would  it  not  be  a  good  rule  to  require  a  year's  practical  exper- 
ience before  completion  of  the  college  course .-' 

"  Not  by  skipping  a  school  year  ;  should  have  the  experience  but  get  it  during 
vacations.     Get  out  of  school  as  soon  as  possible." 

"  I  believe  it  would  be  advantageous,  although  the  same  benefits  might  be  ob- 
tained by  vacation  work." 

"Yes,  if  the  man  has  the  nerve  to  go  back  and  not  allow  some  one  to  talk  him 
out  of  it. " 

"A  year  at  practical  work  would  be  very  valuable  from  the  fact  that  it  would 
serve  to  show  students  where  their  college  training  could  be  made  to  apply." 

"Yes  and  No.  Yes,  because  it  would  increase  the  desire  for  knowledge 
and  give  the  student  a  practical  understanding  of  things  he  has  learned,  and 
being  in  the  nature  of  a  vacation  he  would  return  to  his  studies  with  renewed 
energy.     No,  because  many  would  not  return  to  complete  the  college  course." 

"  if  a  man  leaves  school  for  a  year's  practical  work  the  chances  are  that  he  will 
not  return  to  school." 

"Would  advise  one  or  two  year's  practical  work  following  the  Sophomore 
year." 

"Well  to  advise,  but  not  to  require  such  a  step  in  college  course." 

"Two  years  at  least  would  be  better." 

"  Nothing  would  be  more  helpful  before  the  completion  of  a  course  than  a  good 
insight  into  the  practical,  as  well  as  the  theoretical." 

"Yes,  perhaps  two.     Don't  graduate  too  young." 

"Yes,  indeed,  say  two  years  of  it,  and  preferably  before  entering  college." 

"Desirable,  but  of  doubtful  value  if  made  compulsory." 

"No.  A  fellow  can  get  a  pretty  good  start  by  working  in  vacations.  If  he 
leaves  at  end  of  year  it  breaks  into  his  work." 

"  Majority  of  men  would  not  return  to  college  after  having  one  year  in  prac- 
tical work.  If  they  did  return  they  would  benefit  greatly  by  the  practical  experi- 
ence." 

"  It  would  be  very  well  for  a  student  to  get  a  year's  practical  experience  before 
completing  his  college  course  if  he  had  a  real  good  opportunity.     The  course  of 
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work  however,  given  in  our  leading  technical  colleges  and  universities  is  well 
fitted  for  the  student.  He  obtains  a  practical  knowledge  of  the  subjects  he  studies 
from  the  shop  work,  the  physical,  chemical,  and  mechanical  laboratories  and 
Testing  Departments. " 

"Yes,  provided  the  student  was  forced  to  complete  the  college  course 

"  If  the  year  of  practical  experience  is  taken  before  the  college  course  it  would 
be  of  advantage.  I  do  not  think  that  the  college  course  should  be  split  in  two  by 
other  work." 

"  I  think  the  colleges  could  hardly  make  such  a  rule  without  often  working 
hardship  on  certain  students.  That  such  course  would  be  desirable  in  most  cases 
is  true." 

"  It  is  my  judgment  that  this  is  advisable.  A  young  man  should  take  the  prac- 
tical training  in  addition  to  his  technical  studies  and  mingle  them  together  as  much 
as  possible,  so  that  he  knows  how  to  put  in  force  and  effect  the  result  of  his  studies. 
On  the  other  hand,  it  gives  him  a  practical  demonstration  of  his  studies — he  knows 
the  result  and  what  can  be  accomplished.  I  no  not  believe  it  a  good  plan  for  a 
young  man  to  enter  school,  and  from  there  to  college,  spending  all  the  time  in 
study  up  to  the  time  he  is  twenty-one  or  twenty-two  years  of  age  without  any  prac- 
tical training.  Such  men  are  often  pushed  aside  as  over-educated,  technical  men, 
who  are  of  little  worth  to  the  practical  public.  They  should  spend  at  least  one- 
alf  of  their  time  in  practical  work  and  defer  their  completion  of  the  college  course 
ntil  they  have  reached  an  age  of  good  judgment  and  maturity,  so  that  they  can 
"bsorb  and  realize  the  importance  of  their  last  years  of  college  work.  This  in  my 
Judgment  would  make  the  best  men." 

"Yes,  because  then  one  finds  out  to  what  studies  he  should  apply  himself  the 
most  and  shows  him  what  is  the  essential  things  to  know. " 

"  It  would  be  an  ideal  condition,  but  not  practical.  Students  would  lose  habits 
of  study,  and  in  very  many  cases  would  not  return  to  school,  and  hence  their  engi- 
neering careers  would  be  crippled." 

"  Theory  alone  never  made  an  engineer,  nor  did  one  year's  practical  experi- 
ence.    However,  it  would  help." 

No.     Leave  it  to  the  individual." 

"Not  if  it  interrupts  the  work  at  the  college.  Most  polytechnic  schools  give 
practical  shop  work,  which  is  nearly  if  not  quite  equivalent  to  a  year's  work." 

"  It  would  certainly  have  some  great  advantages." 

"  I  think  it  would.  I  also  think  it  advantageous  to  get  the  rudiments  of  a  busi- 
ness training." 

"  Not  if  the  student  can  get  practical  experience  duriqg  vacations." 

"A  year's  practical  experience  before  completion  of  a  college  course  would 
undoubtedly  be  an  advantage.  A  young  man  of  the  right  kind  of  metal  would 
spend  his  summer  vacations  in  practical  work,  even  if  he  had  to  pay  for  the 
privilege." 

"  I  think  not.  A  year's  experience  under  ordinary  instances  will  hardly  permit 
a  man  to  get  well  started,  and  continuity  of  work  at  college  and  afterwards  in  prac- 
tical experience  is  desirable." 

Question  No.  5. 

Would  not  the  larger  companies  consult  their  own  interests  and 
the  interest  of  the  art  at  large  by  offering  an  apprentice  course  open 
to  college  students  between  their  Junior  and  Senior  years .'' 

"  No.     This  should  be  between  the  Sophomore  and  Junior  year." 

"It  is  very  questionable,  because  students  as  a  rule  are  not  prepared  to  enter 
testing  laboratories  after  their  Junior  year." 

"I  think  this  plan  would,  in  the  long  run,  produce  a  better  class  of  men  than 
the  present  system  does." 

"Their  doing  so  might  be  in  the  interest  of  the  art  at  large,  but  hardly  to  their 
own  interest. " 

"I  cannot  say  in  all  cases  this  would  be  true.  In  the  laboratory  and  in  the 
erection  department  such  assistance  could  be  employed  to  advantage  and  often- 
times in  the  operation  of  plants  employing  such  talent  as  helpers  or  assistants. 
There  is  no  question  but  that  the  art  would  be  greatly  assisted  by  such  practice, 
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but  the  fact  that  the  student  as  a  rule  has  in  mind  the  fact  that  he  is  simply  work- 
ing out  an  apprenticeship,  does  not  in  all  cases  lend  the  inspiration  desired  where 
regular  employment  for  advancement  is  the  aim.  " 

"No.  Factory  organization  would  not  benefit.  Students  would  not  profit 
enough  to  compensate  for  breaking  into  the  routine  of  their  college  course." 

"  A  large  factory  might  do  this,  but  otherwise  it  would  not  pay  to  bother 
with  it." 

"As  to  larger  companies  consulting  their  own  interests  by  ofifering  apprentice 
courses  to  students,  our  Company  has  for  a  number  of  years  back  employed,  when 
possible,  college  students  during  their  vacations.  This  enables  the  company  to 
see  what  kind  of  young  men  they  are  liable  to  get  to  fill  the  ranks  as  the  time 
goes  along,  so  that  when  a  vacancy  occcurs  and  a  young  college  man  is  offered  for 
the  job,  it  is  known  pretty  well  how  he  is  going  to  '  pan  out  '. " 

"  I  do  not  think  manufacturers  should  bother  with  students  during  their  Junior 
and  Senior  years  Students  should  obtain  their  practical  knowledge  at  such  time 
in  practical  cons.truction  and  learn  what  they  can  from  local  railway  and  lighting 
plants." 

"I  think  they  would  if  students  would  afterward  go  back  and  finish  their 
Senior  work." 

"Would  not  consult  their  own  interests,  except  that  they  would  benefit  by  the 
improvement  in  quality  of  men  turned  out  at  end  of  Senior  year." 

"Bettei  between  Sophomore  and  Junior  I  think," 

"No,  as  to  their  own  interests  ;  yes,  as  to  the  interests  of  the  art. 

"The  larger  companies  are  not  taking  apprentices  or  students  from  motives  of 
philanthrophy,  but  in  order  to  have  their  pick  of  a  large  number  of  technical  ex- 
perts. Hence  they  would  not  take  students  whom  they  could  not  keep  perma- 
nently with  them  if  they  so  desired." 

"  Of  art  at  large,  yes.  Their  own  interests,  no,  for  students  talk  too  much  and 
competition  demands  some  secrecy  about  machinery  while  being  developed." 

"'The  interest  of  the  art  at  large,'  yes.  'Their  own  interests,'  yes,  under 
suitable  conditions  covering  the  subsequent  service  of  the  apprentice." 

"No.  Continual,  uninterrupted  progression  is  the  keynote  to  success.  Any 
plan  which  would  cause  a  student  to  interrupt  for  a  year  his  college  work  would 
be  most  lamentable.  On  the  other  hand — his  first  year  with  a  large  manufactur- 
ing company  would  merely  serve  to  give  him  a  very  rudimentary  knowledge  of 
what  he  had  to  accomplish,  which  requires  on  the  part  of  the  manufacturer  ex- 
penditure of  patience  and  time,  as  well  as  money.  A  large  portion  of  this  would 
be  spent  in  vain  if  he  remained  but  one  year  and  then  went  back  to  school  for  the 
rest  of  his  course." 

"  I  do  not  believe  it  would  be  a  paying  proposition  under  exisiting  shop  condi- 
tions." 

Question  No.  6. 

In  the  light  of  our  present  experience,  and  under  existing  condi- 
tions, what  course  would  you  follow  if  you  had  it  all  to  do  over 
again  '> 

"  I  do  not  like  engineering  work,  but  like  the  engineering  knowledge  as  applied 
to  patent  law.  I  would  therefore  devote  the  college  training  to  a  combination  study 
of  Law,  English,  and  Science,  with  particular  attention  to  electrical  drawing  and 
design  and  also  chemistry." 

"Same  as  I  have,  only  dig  harder  when  at  college  and  later  also." 

"I  would  take  thq  college  course  straight,  spiending  one  or  two  vacations  in 
construction  work,  then  go  with  one  of  the  larger  companies  for  three  or  four  years 
in  testing  and  construction  work,  and  then  take  a  year's  post-graduate  work." 

"  I  would  get  my  technical  course  early  in  some  school  where  I  could  be  in  con- 
tact with  and  imbibe  as  much  of  a  literary  training  as  possible." 

"College,  practical  work  in  summer  if  possible,  and  if  not,  apprentice  course 
afterwards  At  least  two  summers  in  some  commercial  business,  learning  oftice 
methods  and  also  how  to  approach  men  in  business  life. " 

"  Get  all  the  general  education  and  practical  experience  practicable  before  tak- 
ing up  the  technical  course  ;  then  make  the  most  of  that.  " 
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"Would  connect  myself  with  some  large  concern  if  possible  for  two  years  fol- 
lowing Sophomore  year,  then  finish  college.  Then  return  tor  a  time  to  some  large 
concern  and  get  experience  and  prestige,  then  look  up  best  opening  possible. 

"Just  as  I  did,  i.  e.,  a  few  years'  practical  work  interspersed  with  the  college 
course,  followed  by  a  term  in  the  testing  department  of  one  of  the  large  electrical 
concerns. 

"Mechanical  English,  with  electrical  courses  taken  as  specials. 

"I  would  do  just  about  the  same  as  I  did  before,  namely,  get  a  good  school 
education,  then  serve  an  apprenticeship  in  some  suitable  shop,  acquiring  theory  in 
spare  moments,  and  then  go  to  college." 

"  Take  the  college  course,  and  get  all  the  practical  experience  during  vacations 
I  possibly  could. " 

"  Work  harder." 

"Would  enter  testing  department  of  large  company  immediately  after  gradua- 
tion from  college." 

"I  should  enter  the  employment  of  one  of  the  large  electric  manufacturing 
companies  to  gain  experience.  Having  gained  which,  I  should  connect  myself 
with  a  young  and  growing  concern  and  try  to  secure  an  interest  in  the  business." 

"Take  a  general  engineering  course,  supplement  with  a  brief  law  course,  get 
into  the  commercial  side  of  the  business,  and  aim  to  be  a  'captain  of  industry.' 

"Take  an  M.  E.  course  with  as  much  elective  work  in  electrical  and  civil  engi- 
neering as  possible.  Spend  vacations  with  a  surveying  party  and  in  a  shop.  Ex- 
tend course  to  five  or  six  years  if  necessary  to  get  the  amount  of  work  stated.'' 

"Take  a  university  course  followed  by  the  practical  experience  in  the  line 
which  I  specialized  in  at  the  university.  Every  young  man  should  as  early  as  pos- 
sible decide  exactly  the  field  of  his  future  labors  and  in  addition  the  exact  de- 
partment of  that  field  which  is  most  congenial  to  him  and  direct  his  education 
along  the  lines  that  will  be  of  future  service  to  him." 

"Make  the  utmost  of  my  opportunity  for  advancement  in  a  broad  way,  and 
apply  as  much  energy  and  vigor  as  is  consistent  with  good  health  and  contingent 
circumstances." 

"Do  as  I  did  before:  Make  the  best  of  every  opportunity  as  it  presents  itself. 
Be  an  Individual." 

"I  should  qualify  the  training  I  have  been  through  by  a  course  at  the  very  best 
technical  college  I  could  find  on  earth,  but  I  would  not  give  the  practical  exper- 
ience I  have  had  for  all  the  'X  +  Y  '  I  have  ever  been  up  against." 

"Think  I  would  do  about  the  same,  excepting  I  would  spend  at  least  two  years 
in  machine  shop  and  on  outside  work — repairing  and  the  like. " 

"Would  not  leave  college  until  I  had  a  very  thorough  training  in  mathematics. 
Would  spend  some  time  in  operating  work  and  then  go  into  the  draughting  room 
and  stay  at  least  two  years.     Then  into  either  the  operating  or  business  side.'' 

"I  would  recommend  a  young  man  to  take  the  regular  technical  course  in  the 
branch  of  engineering  he  intended  to  follow  in  one  of  our  leading  State  universi- 
ties or  Eastern  colleges,  and  to  follow  this  with  at  least  one  year's  work  in  the 
testing  department  of  some  large  manufacturing  company.  Six  months  or  a  year 
of  work  in  the  draughting  department,  would  be  a  very  valuable  fitting  for  work 
either  as  consulting  engineer  or  in  connection  with  any  manufacturing  or  central 
station  or  railway  work." 

"Mechanical  and  Electrical  course  in  Technical  School.  One  year  at  practical 
work,  between  Sophomore  and  Junior  year." 

"I  would  take  two  or  three  years'  practical  work  before  finishing  the  college 
course. ' ' 

"  I  would  prefer  some  practical  experience  in  the  line  of  my  chosen  profession, 
either  before  or  during  my  college  course  ?" 

"I  would  take  a  thorough  course  in  civil  engineering  and  supplement  it  by  a 
couple  years  post-graduate  work  in  electrical  engineering." 

"I  would  make  a  beginning  where  experience  seemed  the  most  likely  to  be 
found,  and  would  change  every  time  something  better  offered,  rather  than  stick- 
ing in  less  desirable  positions  as  many  do.  I  would  advertise  myself  legitimately 
and  be  more  aggressive. ' ' 

"Take  a  complete  technical  course  and  sandwich  in  a  year's  practical  work 
before  graduation. " 

"I  would  take  a   course   in   mechanical  engineering  and  take  a  post-graduate 
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course,  or  else  during  the  time  of  mechanical  engineering  studies,  take  up  electrical 
work,  and  then  enter  some  shops  and  get  practical  experience,  after  which  spend 
at  least  two  years  drafting.  A  man  may  in  all  probability  at  the  end  of  that  time 
be  of  some  value  to  himself  and  others." 

"  A  college  education  first.  Then  find  the  kind  of  work  most  congenial  to  me 
and  stick  to  it.  " 

"Same  as  before.  Plug  for  the  engineering  degree  with  emphasis  on  the  prac- 
tical rather  than  on  the  theoretical,  then  strike  out  in  practice  along  any  accept- 
able lines." 

"Would  work  for  a  year  or  two  before  entering  college  at  any  kind  of  engi- 
neering work.  Then  four  years  of  college,  during  which  time  I  would  cover  three 
years  of  the  electrical  course  with  extras  in  history,  literature,  and  languages. 
Then  a  year  of  work  in  the  special  field  chosen  while  at  work  three  years  before, 
at  which  time  I  would  have  studied  the  various  fields.  Then  the  Senior  year  and  a 
year  more  at  post-graduate  work.  If  I  had  to  work  my  way  through  college,  all 
the  better.  Then  go  out  in  the  cold  world  and  prove  that  you  can  be  worth  some- 
thing." 

"Same  course,  except  a  little  more  aggressive." 

"  I  would  put  in  a  couple  of  years  with  one  of  the  large  companies  where  I 
could  get  the  largest  amount  of  experience,  regardless  of  remuneration." 

"  Take  a  little  more  outdoor  exercise.  " 

"  Same  broad  general  education  from  practical  men  in  full  sympathy  with  the 
active  world,  at  college  rather  than  High  School.  Finish  at  either.  Good  prac- 
tical course.     Finish.     Then  secure  employment.  " 

"  Were  I  to  begin  again  with  an  engineering  career  in  mind,  I  should  see  to  it 
that  my  elementary  education  was  made  as  perfect  as  possible,  not  only  in  electric 
lines,  but  in  the  engineering  lines  of  steam,  hydraulics,  mining,  and  other  lines  of 
engineering  work  with  which  the  electrical  business  today  is  closely  interwoven. 
After  finishing  my  elementary  education,  I  should  supplement  it  with  practical 
information  gained  with  one  of  the  large  manufacturing  companies  in  the  line 
which  I  cared  to  follow.  After  this  I  should  let  circumstances  determine  whether 
I  should  continue  with  this  manufacturing  concern  or  start  in  business  on  my  own 
responsibility.  " 

"  I  would  get  with  a  smaller  concern  for  a  broader  experience  and  try  to  pro- 
gress later  by  promoting  some  enterprise  of  my  own. " 

"The  one  I  have  pursued,  I  think.  Having  to  rely  on  one's  own  resources, 
develops  the  faculties  to  a  greater  degree." 

"  First,  I  would  keep  more  copious  notes.  Second,  I  would  use  every  effort  to 
get  stock  in  the  concern  with  which  I  saw  fit  to  identify  myself  after  completing 
my  university  course." 

Question  No.  6 — Nox-Techxical  Men. 

The  following  answers  are  of  special  interest  as  they  were  given 
by  the  men  who  had  never  taken  a  technical  course. 

"Take  a  special  technical  course  in  engmeering,  then  start  with  a  good  com- 
pany." 

"Get  a  college  education  interspersed  with  at  least  one  year  of  practical  work." 

"Take  good  common  and  high  school  course,  then  several  years  at  practical 
work,  and  enter  a  technical  school  knowing  what  points  I  wanted  to  give  special 
attention. " 

"Spend  all  the  money  I  could  'scrape'  together  for  a  technical  course  in  the 
best  college  I  could  find." 

"Save  more,  study  more,  work  more — Talk  less." 

"Would  take  a  complete  course  in  electrical  engineering,  then  take  a  year's 
work  in  the  testing  department  of  a  manufacturing  company." 

"First,  college  education  ;  second,  go  into  the  shop  of  a  reliable  manufacturing 
company  ;   third,  avoid  the  shelf." 

"Would  get  a  college  education  and  then  three  or  four  years  practical  exper- 
ience on  the  construction  end  of  my  profession." 

"  I  would  secure  techncal  training." 

"Avail  myself  throi^gh  university  training  of  the  best  there  is  pertaining  to  the 
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special  art  I  had  decided  to  follow.  Look  to  my  own  efforts  and  practical  exper- 
ience in  detail  shop  and  otherwise  to  elevate  me  to  the  success  I  desire." 

"  I  would,  if  I  had  made  up  my  mind  to  pursue  an  electrical  course,  take  a  tech- 
nical education,  if  possible,  in  connection  with  a  business  one." 

"School,  shops  during  vacation,  technical  university,  drafting  room,  testing 
shops." 

"  Take  a  technical  course  not  exceeding  three  years,  get  into  the  most  prosper- 
ous concern  possible,  doing  a  large  variety  of  work,  and  work  like  fury." 

"  Dig  deeper  and  commence  earlier.'' 

"  Apprenticeship  with  comparatively  small  concern  to  obtain  general  idea  of 
calling.  College  course,  during  which  time  obtain  approximately  one  year's  prac- 
tical experience.     After  course  fit  up  with  general  knowledge  and  then  detail." 

"I  would  obtain  a  thorough  technical  training,  interspersed  with  periods 
devoted  to  acquiring  practical  experience." 

"  Acquire  both  thorough  technical  and  business  education.  Both  are  equally 
important." 

"Take  an  electrical  and  mechanical  course,  with  a  year's  experience  between 
junior  and  senior  years.  " 

"I  would  work  at  practical  work  for  two  or  three  years  and  then  go  to  college. 
Lots  of  time  in  college  is  wasted  for  want  of  practical  understanding. " 

ADDENDA  NO.  2. 


A  MOVE  IN  THE  RIGHT  DIRECTION, 

Since  writing  the  pa^er  a  letter  written  by  a  company  employing 
a  number  of  technical  men  in  electrical  work  has  come  to  hand. 
This  letter  was  to  a  recent  graduate  who  had  applied  for  a  posi- 
tion, and  indicates  the  policy  which  had  been  adopted  by  one 
large  company  in  making  a  careful  selection  of  the  men  who  are 
employed  in  even  the  minor  branches  of  the  business.  Is  the  plan 
of  careful  selection  disclosed  by  the  letter  not  a  much  better  one, 
both  for  the  young  graduate  and  for  the  company,  than  the  other 
policy  of  hiring  college  men  indiscriminately  at  less  than  living 
wages,  which  latter  plan  is  often  followed,  evidentlv,  with  the  idea 
of  "trying  out"  as  many  men  as  possible.  "Over  a  rough  road 
the  small  potatoes  go  to  the  bottom  "  is  true,  but  it  is  a  poor  way  to 
sort  potatoes.  Better  men  would  be  turned  out  of  colleges  if  it 
was  generally  understood  that  opportunities  for  valuable,  practical 
experience  would  be  open  to  the  men  making  the  most  favorable  show- 
ing in  some  such  examination  as  indicated  by  the  following  letter : 

Enclosed  please  find  a  sheet  giving  outline  of  information  desired  from  coUeg 
graduates.  Statements  may  be  brief,  but  some  of  the  subjects  should  be  treated 
sufficiently  at  length  to  give  us,  as  far  as  possible,  what  we  would  get  from  per- 
sonal acquaintance.  Some  of  the  subjects  may  strike  you  as  decidedly  personal, 
even  as  being  none  of  our  business,  but  you  must  remember  that  beginners  almost 
invariably  represent  an  investment — sometimes  a  long  investment,  sometimes  a 
bad  one.  We  have  no  use,  as  some  concerns  have,  for  beginners  as  cheap  labor. 
We  take  on  but  a  few  each  year — try  to  secure  only  the  best,  and  then  feel  a  per- 
sonal disappointment  in  failure.  Applications  are  confidential.  So  far  as  you  can 
prevent  it,  let  no  mock  modesty,  on  the  one  hand,  nor  egotistical  vanity  on  the 
other  hand,  enter  into  what  should  be  a  plain,  manly  statement  of  your  candid 
opinions,  as  to  numbers  7  and  8. 
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The  questions  which  accompanied  this  letter  made  up  a  remark- 
ably searching  examination.     They  are  below: 

1.  Date. 

2.  Name  and  address,  present  and  home. 

3.  College  from  which  graduated  and  when. 

4.  Married  or  expecting  to  be  soon. 

5.  Age.  weight,  height,  complexion,  nationality. 

6.  Health,  past  and  present. 

7.  Habits,  tastes,  ideals,  ambitions. 
S.  Disposition  and  temper. 

9.     Practical  experience  in  engineering  work. 

10.  Practical  experience  with  machinery,  tools,  or  implements. 

11.  Experience  in  any  kind  of  manual  work.     Have  you  a  trade,  what  ? 

12.  Experience  in  supervision  or  "bossing.'' 

13.  Why  took  college  course  ? 

14.  Why  took  engineering  course  ? 

15.  Why  took  electrical  engineering  ? 

16.  Father's  occupation. 

17.  Have  you  ever  worked  for  wages  ?     Doing  what  ? 

18.  What  have  you  contributed  toward  the  expense  of  your  education  ? 

19.  Do  you  want  work  or  opportunity  ;  i.  e.,  have  you  debts  or  obligations  to 
meet  which  you  must  sacrifice  the  future  for  the  present,  or  are  you  in  a  position 
to  begin  at  the  bottom  and  receive  promotion  as  you  gain  experience  and  find  your 
work  ? 

20.  If  convenient,  enclose  unmounted  photograph  and  write  essay  equivalent 
to  one  typewritten  page,  on  one  of  the  following  : 

"Assistant  vs.  Principal." 
"  The  Art  of  Self-advancement." 

"Obedience  vs.  Initiative,  a  Basis  for  Compensation." 
"The  Art  of  Executive,  a  Basis  of  Valuation." 
"Egotism." 

"Vanity  vs.  Self-reliance,  a  Factor  of  Success." 
"  Tabulation  and  Graphic  Expressions  in  Practical  Life." 

Typewritten  manuscripts  preferred.  Treat  subjects  in  above  order  by  para- 
graphs numbered  as  above. 

The  idea  that  "  it  doesn't  make  much  difference  where  a  man 
starts  in  after  leaving  college,"  is  as  wrong  as  the  other  prevalent 
idea  that  "  it  doesn't  make  much  difference  at  what  college  a  man 
gets  his  training — they  all  teach  more  than  any  man  can  learn." 
Life  is  too  short  to  deal  with  anything  but  the  most  essential  things, 
and  every  minute  counts.  Let  the  young  man  who  wishes  to  get 
the  highest  rewards  which  the  electrical  business  has  to  offer  un- 
derstand that  he  must  form  his  purpose  early,  must  select  work  to 
which  he  is  adapted,  must  choose  his  course  carefully,  and  then 
must  work,  work,  WORK. 

DISCUSSION. 

Mr.  IV.  B.  Hale  {Chairman) — We  have  all  listened  with  great 
interest  and  pleasure  to  Mr.  Damon's  v^aluable  paper,  and  we  are 
now  ready  to  take  up  the  discussion.  This  will  be  opened  by  a 
few  speakers  who  have  been  selected  as  representing  different 
phases  of  the  electrical  business. 

I  will  first  call  upon  Prof.  P.  B.  Woodworth,  who  is  in  charge  of 
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the  Electrical  Engineering  Department  of  Lewis  Institute,  and  who 
has  had  an  immense  amount  of  experience  along  the  general  line  of 
the  paper — the  opportunities  for  the  undergraduate. 

Prof.  P.  B.  WoodivortJi — Members  of  the  Electrical  Section  of 
the  Western  Society  of  Engineers :  I  wish  to  thank  the  Chair- 
man for  calling  on  me  to  make  a  short  statement  at  this  particular 
time,  as  I  conceive  that  from  this  time  there  will  be  a  great  deal  of 
interest  aroused.  But,  like  the  writer  of  the  paper,  I  came  to  hear 
the  discussion  and  not  to  take  part  in  it. 

There  are  many  important  things  in  this  paper.  The  majority  of 
statements  are  very  well  stated  and  very  correctly  stated.  Some 
time  ago  I  think  I  would  have  agreed  with  everything  in  the  paper. 
But  at  the  present  time  I  disagree  with  the  majority  vote  on  one 
point,  and  that  is  the  question  of  dropping  out  of  school  at  the  end 
of  the  third  year,  taking  a  year's  practical  experience,  and  going 
back  to  school  for  the  fourth  year.  That  to  me  was  an  ideal  con- 
dition, and  I  dropped  out  of  school  to  get  a  year's  practical  experi- 
ence, then  went  back  for  my  fourth  year.  I  thought  that  was  the 
ideal  thing  to  do.  But  I  want  to  say  now  that  that  last  year  was 
the  most  unsatisfactory  year's  work  I  had  in  school,  and  I  would 
not  advise  anyone  to  duplicate  my  experience.  I  dropped  right  out 
of  the  spirit  of  things  and  never  got  back. 

So  far  as  the  young  men  are  concerned  who  are  now  attending 
technical  schools,  the  thing  they  want  to  get  hold  of  most  is  good 
common-sense  mathematics,  an  ability  to  read  current  things,  to  be 
able  to  go  out  and  meet  the  men  who,  want  their  work,  who  want 
them,  and  to  deliver  the  goods,  and  to  do  it  right  away.  You  prob- 
ably will  remember  that  not  very  long  ago  young  rnen  went  out 
from  school,  and  it  took  them  two,  three,  or  four  years  to  find  their 
field  ;  they  could  not  step  out  of  school  and  go  right  to  work,  and 
there  was  a  feeling  against  the  college  men,  because  it  was  found 
that  when  they  went  into  a  factory  they  were  not  practical.  But 
this  feeling  has  changed,  and  technical  schools  are  sorry  that  it  has 
changed  to  such  an  extent.  At  the  present  time  we  have  difficulty 
in  keeping  the  men  ill  college,  on  account  of  the  very  inducing 
offers  that  are  made  to  undergraduates.  Any  young  men  who  can 
do  the  work  demanded  can  go  right  out  and  get  it — and  I  am  go- 
ing to  follow  the  author's  commercial  standard  and  say  at  $ioo  per 
month.  Comparing  that  with  the  time  when  Mr.  Damon  and  I 
started  out  (I  started  at  $1.25  per  day)  [Mr.  Damon — 'T  worked 
for  nothing."]  I  sometimes  think  the  demand  for  the  services  of 
these  young  men  is  working  against  mechanical  education.  Many 
young  men  do  not  stay  with  us  because  there  are  so  many  oppor- 
tunities of  just  that  kind  for  remunerative  employment. 

There  is  nothing  the  technical  school  man  desires  more  than  the 
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criticisms  of  the  friends  of  the  technical  schools,  and  I  think  I 
recognize  that  there  are  assembled  here  in  this  audience  the  differ- 
ent elements  which  constitute  the  friends  of  the  technical  schools. 

Mr.  Hale-  While  on  this  general  topic  of  education,  I  think  we 
might  continue  a  little  while,  and  1  will  ask  Prof.  C.  E.  Freeman  of 
Armour  Institute  to  say  a  few  words. 

Prof.  C.  E.  Freeman — I  feel  called  upon  to  compliment  Mr. 
Damon  upon  his  treatment  of  this  subject,  which  is  unique  almost 
in  discussions  of  this  character.  I  think  it  is  one  of  the  mile-posts 
marking  the  progress  of  technical .  education,  since  recognition  is 
made  so  markedly  of  the  value  of  the  technical  man  and  the  neces- 
sity of  taking  care  of  him  after  he  has  completed  the  preparatory 
work  of  some  technical  institution. 

Incidentally  I  will  say  that  it  is  almost  an  inspiration  to  form  a 
union  to  suggest  what  the  salaries  of  the  professors  should  be;  and 
while  on  this  topic  I  might  add  that  the  question  of  salaries  in- 
volves an  important  idea  in  connection  with  technical  education. 
As  Mr.  Damon  conclusiv'ely  shows,  that  branch  of  the  business 
dealing  with  the  instruction  of  electrical  engineers  is  the  most 
poorly  paid.  This  state  of  affairs  has  resulted  in  a  constant  shift- 
ing of  the  forces  of  instruction  at  nearly  all  institutions  giving  this 
kind  of  work.  The  management  of  these  institutions  recognizes 
the  cause,  but  replies  that  it  is  not  in  competition  with  industrial 
concerns  when  it  comes  to  offering  remuneration  for  a  particular 
talent.  The  fact  remains  that  they  are  in  competition,  whether 
they  wish  to  acknowledge  it  or  not. 

Technical  schools  are  brought  closer  to  the  commercial  world 
than  any  other  class.  The  teaching  staff  must  not  only  be  able 
to  teach  the  scientific  principles  of  the  various  subjects,  but  must 
also  appreciate  and  demonstrate  their  economical  and  commercial 
significance.  Because  of  these  latter  qualifications,  the  technical 
instructor  becomes  of  immediate  value  to  a  commercial  concern. 
If  these  particular  abilities  which  a  successful  instructor  must  pos- 
sess are  alone  sufficient  grounds  for  commercial  concerns  to  offer 
him  inducements  that  justify  him  in  leaving  his  work  as  a  teacher 
and  entering  some  other  field,  it  is  obvious  that  the  kind  of  men, 
before  all  others,  needed  by  an  educational  institution  has  been 
allowed  to  leave.  No  competent  business  man  will  permit  con- 
ditions whereby  the  personnel  of  his  staff  is  constantly  being 
changed,  if  he  hopes  to  reach  any  degree  of  success.  I  think  the 
day  is  not  far  distant  when  the  business  competition  between 
technical  schools  will  cause  the  management  of  the  same  to  appre- 
ciate and  act  upon  this  fact,  and  the  school  that  is  the  first  to  do 
this  will  gain  a  distance  on  its  competitors  in  the  race  for  suprem- 
acy that  will  require  years  of  persistent  effort  on  their  part  to 
recover. 
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The  question  of  the  comparative  value  and  merits  of  the  Cor- 
respondence School  vs.  the  Technical  College  course  is  raised,  and 
the  stand  taken  by  Mr.  Damon  is  one  with  which  I  heartily  agree. 
To  those  who  are  familiar  with  the  work  of  both,  the  necessity  of 
raising  this  question  is  not  apparent,  since  all  concerned  admit  the 
entire  correctness  of  Mr.  Damon's  position.  However,  when  we 
call  to  mind  the  alluring  advertisements  and  fervid  testimonials 
that  have  been  associated  with  certain  correspondence  work,  and  it 
is  remembered  that  young  men  are  continually  forgetting  that 
there  is  no  royal  road  to  learning,  it  is  not  only  a  privilege  but  a 
duty  of  those  in  positions  to  know  to  point  out  the  pitfalls.  In 
this  connection  I  would  like  to  impress  upon  young  men  who  are 
taking  correspondence  course  in  engineering,  that  the  ability  to 
answer  questions  that  are  already  answered  does  not  constitute  one 
of  the  essentials  for  successful  engineering  work.  One  of  the 
reasons  for  making  this  statement  is  that  I  happen  to  know  of 
an  incident  that  occurred  some  time  since,  where  a  young  man,  in 
answering  the  questions  in  his  instruction  paper,  grew  disheartened 
with  the  tedious  process  of  writing  out  certain  paragraphs  in  the 
instruction  paper  in  answer  thereto.  He  concluded  to  abbreviate, 
and  for  each  subsequent  question  wrote,  "See  Section  A,  Page  X." 
That  young  man  was  wasting  his  time,  money  and  opportunity. 

The  question  is  raised  in  regard  to  shop  experience.  By  shop 
experience  I  mean  not  only  the  mechanical  shop,  but  the  electrical 
shop,  so  to  speak.  Unquestionably  the  shop  experience  is  a  good 
thing,  but  I  hold  with  Prof.  Woodworth,  that  if  this  shop  experi- 
ence must  be  obtained  by  interrupting  the  college  course,  the 
danger  that  he  pointed  out  from  his  personal  experience  is  very 
likely  to  follow.  As  you  probably  know,  the  German  scheme  of 
technical  education  requires  that  experience  of  this  kind  be  ob- 
tained outside  of  the  institute,  and  usually  before  the  student 
graduates.  As  a  result,  a  rest  would  be  obtained  in  a  mental  way, 
and  the  experience  could  be  sandwiched  in  very  nicely  with  the 
theoretical  work,  which  is  the  prime  function  of  the  college  course. 

The  reason  for  the  shop  experience  prior  to  graduation  is  that  it 
may  enable  the  student  to  more  thoroughly  appreciate  the  princi- 
ples and  the  fundamental  theory  that  he  is  supposed  to  be  study- 
ing, and  to  give  him  an  opportunity  to  investigate.  The  shop 
experience  after  graduation  is  a  much  mooted  question,  but  that 
which  is  offered  by  at  least  one  of  the  large  electrical  manufactur- 
ing companies  appeals  to  me  as  a  very  excellent  opportunity  for  at 
least  eighteen  months  or  possibly  two  years  after  graduation  from 
any  of  the  first-class  technical  institutions.  The  young  man  who 
goes  through  such  a  course  should  recognize  it  as  a  post-graduate 
opportunity, — use  it  as  an  opportunity  for  education,  and  not  expect 
so  very  much  out  of  it  financially. 
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It  seems  to  me  that  the  young  man  who  has  spent  four  years  in 
a  college  course  cannot  expect  himself  to  be  a  thoroughly  prepared 
engineer.  He  must  consider  that  he  is  to  continue  preparing  for  a 
number  of  years,  and  that  the  opportunities  offered,  it  would 
appear,  in  some  of  these  large  commercial  institutions  constitute  a 
most  excellent  post-graduate  course  along  these  particular  lines. 
On  page  6  Mr.  Damon  refers  to  the  fact  that  there  seems  to  be 
more  openings  for  a  man  without  college  training  in  the  telephone 
field  than  in  any  other.  This  is  quite  true.  In  fact,  these  open- 
ings are  of  such  a  character  and  so  numerous  that  many  of  them 
find  that  the  most  likely  future  for  the  undergraduate  who  has  no 
pronounced  proclivities  in  any  particular  field  of  electrical  engin- 
eering would  probably  be  found  in  the  field  of  telephone  engineer- 
ing. This  is  being  recognized  at  Armour  Institute  by  the  estab- 
lishment of  a  four-years'  course  in  Telephone  Engineering  that 
shall  parallel  the  course  in  Power  and  Lighting. 

Mr.  Hale — Prof.  Freeman  has  referred  to  the  fact  that  the  op- 
portunities for  a  non-technical  man — one  not  a  graduate  of  a  tech- 
nical institution — are  probably  greater  in  the  telephone  engineering 
field  than  in  any  other.  We  have  with  us  a  telephone  engineer  of 
large  experience,  and  he  is,  I  am  sure,  qualified  to  speak  to  us  on 
that  question.  I  refer  to  Mr.  F.  R.  McBerty,  Assistant  Chief 
Engineer  of  the  Western  Electric  Company,  who  will  tell  us  some- 
thing about  the  opportunities  for  inventive  ability  in  the  telephone 
engineering  field. 

Mr.  F.  R.  McBcrty — I  am  requested  to  speak  of  the  class  of 
electrical  experts,  and  of  telephone  engineers,  some  of  whom  have 
been  included  in  that  class. 

Probably  the  most  interesting  fact  brought  out  in  the  paper  as 
to  this  class  of  engineers  is  the  large  percentage  of  men  without 
college  training  who  would  be  regarded  as  successful.  I  wish  to 
suggest  an  explanation  of  the  fact  and  a  deduction  from  it. 

The  development  of  the  telephone  business  covers  a  period  of 
about  twenty-five  years.  Throughout  the  greater  part  of  the  pe- 
riod the  requirements  for  telephone  service  have  not  been  formu- 
lated and  little  data  has  been  available  from  which  to  generalize;  it 
was  necessary  to  develop  apparatus  fitted  to  the  needs  of  the  ser- 
vice, and  the  business  was  sufficiently  profitable  to  permit  frequent 
changes  of  apparatus  and  to  require  no  very  high  degree  of  econo- 
my in  operation.  The  condition  was  one  which  called  for  imagina- 
tion, good  judgment,  shrewd  guessing  and  familiarity  with  actual 
conditions.  The  inventor  has  occupied  a  very  important  place  in 
the  art  as  it  developed.  A  survey  of  the  engineers  now  occupying 
the  most  important  places  in  the  telephone  business  shows  from 
the  total  number  of  sixteen,  ten  who  have  had  no  college  training; 


Jl 


Discussion — Opportunities  in  the  Electrical  Business.  187 

of  eight  of  these  men,  who  are  over  forty  years  of  age,  two  only 
and  of  the  remaining  eight,  four  had  college  training.  I  count 
thirty-four  inventors  whose  work  has  contributed  to  the  greatest 
extent  to  the  advance  of  the  telephonic  art  during  the  period  of  de- 
velopment. I  lack  information  as  to  the  preliminary  training  of 
eight  of  this  number;  of  the  remaining  twenty-six,  twenty- 
two  were  without  college  training,  while  four  were 
graduates  of  colleges.  The  aggregate  number  of  inver-lions  pat- 
ented to  the  thirty-four  inventors  is  1,315;  of  this  number  1,053 
were  contributed  by  the  twenty-two  men  without  college  training, 
and  167  were  contributed  by  college  men.  It  would  thus  seem 
that  the  college-trained  inventors  were  not  only  greatly  outnum- 
bered by  the  others,  but  were  also  less  prolific.  In  my  opinion 
this  record  of  patents  may  safely  be  taken  as  an  index  of  the  prac- 
tical and  valuable  achievements  of  the  different  inventors. 

In  the  electrical  business,  particularly  in  telephony,  every  im- 
portant advance  in  the  construction  of  apparatus  is  represented  by 
a  patent.  An  examination  of  the  patented  inventions  under  con- 
sideration shows  that  the  quality  of  inventions  is  by  no  means  in 
inverse  proportion  to  the  quantity,  but  that  a  fair  estimate  of  the 
importance  of  their  achievements  would  produce  substantially  the 
same  alignment  of  the  twenty-six  inventors  with  respect  to  the 
matter  of  college  training. 

The  indications  of  these  statistic  are  supported  by  present  ob- 
servation. Selecting  from  about  twenty  of  the  younger  telephone 
engineers  those  who  are  conspicuous  for  inventive  ability,  they  are 
found  to  be  four  in  number,  all  but  one  whom  have  had  no  college 
training.  A  cursory  examination  of  the  important  inventions  in 
the  field  of  electric  lighting  and  general  electrical  practice  would 
seem  to  give  about  the  same  results;  but  I  have  not  at  hand  the 
information  to  speak  with  any  accuracy  on  this  point. 

The  terms  "  technical  "  and  "  non-technical,"  under  which  Mr. 
Damon  has  classified  engineers,  may  mask  the  real  situation.  It 
must  be  apparent  that  these  so-called  non-technical  engineers  who 
are  successful  in  the  same  field  with  the  technical  men  possess 
practically  equal  technical  knowledge,  but  that  they  have  acquired 
this  adequate  knowledge  and  training  through  their  own  efforts. 
So  far  as  my  observation  goes,  these  self-trained  engineers  began 
early,  studied  hard  and  worked  hard ;  they  developed  the  inventive 
imagination  and  the  ability  to  guess  shrewdly  through  contact  with 
actual  conditions,  and  acquired  good  judgment  through  their  own 
failures.  They,  therefore,  were  fitted  to  the  conditions  and  they 
survived.  They  are  receiving  large  incomes  because  their  work 
has  been  valuable. 

The  electrical  reactions  and  phenomena  involved  in  telephony 
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are  more  complicated  than  those  involved  in  electric  light  and  power 
work,  while  the  forces  involved  are  much  feebler  and  more  difficult 
of  accurate  measurement.  The  most  refined  mathematical  expres- 
sions developed  for  power  and  lighting  apparatus  are  only  roughly 
approximate  for  conditions  in  telephony.  During  the  period  of  the 
development  of  the  telephone  industry,  light  and  power  engineer- 
ing has  been  reduced  to  a  science,  mathematical  generalizations  have 
been  made  available  covering  the  greater  part  of  the  field  of  applied 
phenomena,  and  great  quantities  of  extra  data  have  been  collected. 
By  reason  of  the  difficulty  of  providing  such  statements  and  such 
data  in  telephony,  telephony  still  may  be  characterized  as  largely 
an  art  rather  than  a  science;  but  it  is  approaching  the  condition  of 
a  science,  and  it  is  probable  that  a  few  years  hence  not  only  the 
electrical  phenomena,  but  such  other  matters  as  the  best  distribu- 
tion of  conductors,  the  probable  distribution  of  stations,  the  prob- 
able effect  of  rates,  etc.,  will  obtain  mathematical  expression.  Fur- 
ther, at  the  present  time  the  available  apparatus  appears  to  be  well 
suited  to  the  requirements  of  telephone  service,  so  that  radical  in- 
vention is  not  essential,  and  profits  have  diminished  so  that  the  re- 
finements of  construction  and  operation  must  be  looked  to  in  the 
interests  of  economy.  The  field  is  thus  a  fertile  one  for  the  tech- 
nical graduate,  equipped  with  classified  data  and  trained  in  mathe- 
matical analysis ;  and  I  look  to  see  him  occupy  it  as  he  has  that  of 
power  and  light  engineering. 

The  inventing  is  by  no  means  all  done  in  the  electrical  industry, 
however.  If,  as  would  seem  to  be  indicated  by  the  facts  about  in- 
ventors which  I  have  given,  self-training  tends  to  or  college  train- 
ing prevents  the  development  of  the  inventive  imagination,  the 
college  course  is  not  yet  perfectly  adapted  in  kind  for  the  complete 
education  of  an  engineer.  It  is  a  matter  of  statistics  that  inventive 
activity  begins  very  early,  before  twenty.  It  may  be  that  during 
the  years  spent  in  acquiring  classified  data  and  formulated  methods 
in  college,  other  faculties  of  the  mind  are  developed  at  the  expense 
of  inventive  imagination  ;  it  may  also  be  that  the  technical  gradu- 
ate, having  spent  after  graduation  the  years  necessary  to  get  in 
touch  with  the  particular  conditions  of  his  practical  work,  is  too  old 
for  radical  invention.     I  believe  the  effect  is  due  to  both  causes. 

I  therefore  would  suggest  the  c[uery  whether  something  should 
not  be  added  to  the  college  training  to  develop  inventive  ability  in 
the  engineer  .-• 

Mr.  Hale — Mr.  Damon  has  shown  us  curves  representing  the 
material  value  of  the  engineer,  for  an  engineer  must  receive  a  sal- 
ary like  anyone  else.  He  has  to  live,  but  his  whole  aim  in  life 
should  not  be  to  increase  his  salary,  or  even  to  get  a  salary  at  all. 
Engineering  science  in  itself  and  the  pleasure  of  working    along 
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engineering  lines  should  constitute  his  chief  reward.  To  appre- 
ciate this  fully  he  should  be  an  optimist.  In  fact,  to  work  cheer- 
fully for  a  small  salary  it  is  absolutely  necessary  to  be  an  optimist. 
Now,  we  have  with  us  tonight  the  exponent  of  optimism — a  man 
who  is  an  engineer  and  an  optimist — Mr,  S.  G.  McMeen,  who  has 
something  to  say  to  us. 

Mr.  S.  G.  McMeen — I  do  not  know  what  I  have  done  to  merit 
this  introduction.  Several  of  us  have  said  that  we  came  here  to 
listen  to  the  discussion  only,  but  I  came  not  only  to  hear  the  dis- 
cussion but  to  look  upon,  in  the  flesh,  the  man  who  has  contributed 
to  our  art  and  to  our  science  this  now-to-be  classical  contribution 
upon  a  matter  which  comes  so  nearly  home  to  every  engineer. 
While  Mr.  Damon  says  the  dollar  is  not  the  final  measure  of  engi- 
neering, still  it  is  inclined  so  to  be  taken  by  those  outside — by  one's 
friends.  There  are  other  measures.  However,  I  may  say  that  in 
this  respect  I  plead  guilty — or  "point  with  pride,"  as  you  like — to 
the  fact  that  durmg  most  of  the  years  I  have  been  at  it,  I  have  not 
often  considered  that  side  of  the  question.  I  do  not  point  with 
pride,  but  I  will  frankly  confess  with  what  shame  you  may  think  is 
necessary,  that  I  did  not  think  of  the  dollars  except  at  occasional 
intervals,  when  it  seemed  absolutely  necessary  to  have  them  in 
order  to  live.  Dollars  are  necessary,  but  I,  in  common  with  most 
of  you,  have  done  the  thing  for  the  joy  of  doing  it,  chose  it  because 
I  liked  to  do  it  most. 

I  cannot  claim  to  indorse  absolutely  all  that  has  been  said  in  the 
paper  and  the  answers  that  have  been  given,  but  must  take  this 
opportunity  to  indorse  what  has  been  said  about  leaving  school  to 
get  a  year's  practical  experience  and  then  going  back;  not  because 
it  is  not  a  good  thing  to  get  some  early  practical  training,  but  because 
of  the  breaking  of  bonds  and  the  interruption  of  one  sort  of  thing 
to  inject  another.  The  theoretical  training  is  going  to  be  dis- 
jointed, and  I  think  it  is  better  to  get  the  gain  of  the  one  at  the 
expense  of  the  less-important  other.  I  want  to  indorse  almost  all 
that  Mr.  McBerty  has  said,  which  I  can  certainly  substantiate.  I 
am  very  glad  that  we  have  that  contribution,  because  there  are  not 
many  places  where  we  could  go  to  get  it. 

The  thought  that  Mr.  Hale's  introduction  suggests  to  me  comes 
very  close  home,  because  an  important  thing  in  the  life  of  a  man — 
and  that  is  the  greatest  thing  in  the  world,  unless  it  be  the  life  of 
a  woman — is  that  the  training  a  man  gets  in  the  environment  of  a 
school  of  any  sort  is  one  he  does  not  get  in  any  other  way.  It 
must  be  good  for  him  if  it  is  good  training,  and  bad,  if  bad  train- 
ing. The  "little  red  school  house"  education  is  one  of  the  great 
things  that  mark  the  civilization  of  our  country.  If  education  is  a 
good  thing,  it  is  a  good  thing  to  get  it  in  the  schools  if  you  cannot 
get  it  in  any  other  way. 
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Independent  of  the  station  he  may  occupy  in  hfe,  independent 
of  the  dollars  his  practice  may  bring  him,  the  engineer  should  work 
for  the  joy  of  doing  it,  for  the  pleasure  he  gets  out  of  it.  To 
work  on  that  basis  is  a  good  thing  for  the  man  himself,  because  all 
the  time  he  must  live  his  life,  and  to  live  his  life  is  the  most  im- 
portant job  he  has. 

I  submit  that  the  man  who  has  some  sort  of  a  college  training, 
supplementing  his  ordinary  education,  has  a  little  better  time  in  the 
life  he  lives  than  the  man  who  has  it  not.  I  may  be  wrong,  and 
may  be  on  both  sides  at  once,  but  it  seems  to  me  the  college  man 
enjoys  the  education  he  has  and  wants  to  keep  it  up,  which  looks 
like  a  proof  that  there  is  something  in  it  after  all. 

I  submit,  also,  that  if  a  man  does  get  a  technical  school  educa- 
tion, it  will  fit  him  all  the  better  for  his  engineering  career,  even 
though  it  may  disqualify  him  as  an  inventor.  If  the  latter  be  true, 
however,  I  am  sorry. 

I  submit  that  education  helps  a  man  to  enjoy  his  life,  and  if  he 
enjoys  his  life  and  is  happy,  he  fills  a  public  necessity  as  he  goes 
through  the  world.  A  man  that  gets  out  of  his  life  all  that  he  can 
is  a  public  benefactor. 

Mr.  Hale — We  are  having  with  us  tonight,  gentlemen,  a  distin- 
guished guest,  and  while  we  are  on  the  subject  of  optimism  I  might 
say  that  we  have  asked  him  to  talk  on  the  future  that  exists  in  this 
country  for  the  young  engineer,  and  he  has  very  gracefully  con- 
sented to  do  so.  The  gentlemen  I  refer  to  is  Dr.  F.  A.  C.  Per- 
rine.  President  of  the  Stanley   Electric   Manufacturing    Company. 

Dr.  F.  A.  C.  Pcrrine — I  wish  to  compliment  you  particularly 
tonight  on  the  very  thoughtful  paper  which  Mr.  Damon  has  pre- 
sented, in  which  he  has  presented  himself  as  an  example  of  one 
who  must  necessarily  become  a  successful  engineer,  because  to  my 
mind,  what  we  need  most  in  training  and  in  life  to  make  a  success 
is  thoughtfulness.  This  discussion  has  developed  into  a  discussion 
of  college  training,  and  of  what  school  work  is  best  for  the  man's 
success  in  this  world.  I  have  seen  a  good  deal  of  school  work  of 
all  kinds,  have  been  connected  with  a  college,  and  associated  with 
a  great  many  students,  and  after  it  all  I  have  come  to  the  conclu- 
sion that  it  is  more  than  the  average  full  grown  American  man  can 
do  to  spoil  the  average  American  child.  It  has  been  tried  in  every 
way  possible.  At  the  same  time  I  do  not  wish  to  be  understood  to 
detract  in  the  slightest  from  the  importance  of  college  education 
and  technical  training,  because  I  believe  thoroughly  in  it.  I  am 
glad  to  see  that  80  per  cent  of  the  most  successful  men  agree  that 
it  is  absolutely  essential.  I  do  believe  that  the  ideas  brought  out 
in  the  fourth  question,  in  which  fifty  per  cent  of  the  answers  were 
to  the  effect  that  the  college  training  should  be  broken   by  practi- 
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cal  training,  is  contrary  to  the  spirit  of  concentration  which  Mr. 
Damon  considers  one  of  the  points  for  success.  I  am  glad  to  hear 
Prof.  Woodworth  and  Prof.  PYeeman  agree  with  me.  They  drew 
attention  to  the  matter  from  the  standpoint  of  the  college  training 
itself,  but  I  wish  to  emphasize  it  from  the  standpoint  of  success 
of  the  man  in  future  life.  Not  only  does  the  intermediate  year  in 
college  work  break  into  the  college  work  itself,  but  it  breaks  into 
the  man's  practical  work.  One  of  the  principal  things  we  have  to 
get  for  success  in  this  world's  battle  is  a  reputation.  A  man  leaves 
college  and  begins  where  he  can.  He  perhaps  has  some  influence 
and  gets  his  position  in  that  way.  Perhaps  he  takes  one  of  those 
positions  with  an  engineering  manufacturer,  or  perhaps  he  takes 
the  first  job  that  comes  along;  but  however  that  may  be,  he  gets 
success  only  by  reason  of  the  reputation  he  earns,  giving  him  op- 
portunities to  show  what  is  in  him,  and  that  last  year  of  college 
work,  coming  in  between  the  first  and  second  year  of  his  practical 
work  interferes  with  his  ability  to  gain  reputation  successfully. 

Another  question  that  has  been  brought  up,  is  the  v^alue  of  life 
work  as  measured  by  money.  I  agree  entirely  with  Mr.  McMeen  that 
money  is  not  the  only  measure  which  should  be  applied  to  success 
in  a  life's  work.  But  as  a  man  gets  along  in  life,  if  he  is  not  earn- 
ing enough  to  support  himself,  he  is  a  failure ;  he  is  not  taking  his 
place,  because  the  world  is  paying  him  if  he  is  taking  his  place. 
But  that  is  the  last  way  the  beginner  should  look  at  the  matter. 

In  my  college  work,  when  a  student  asked  me  whether  I  would 
advise  his  entering  the  engineering  profession,  and  followed  that  up 
with  a  request  to  know  how  much  he  would  get  out  of  it  after  a 
couple  of  years,  I  would  always  advise  him  to  go  into  the  dry 
goods  business,  because  the  returns  are  more  rapid. 

Only  one  thing  should  lead  a  man  into  the  engineering  profes- 
sion, and  that  is  love  for  the  work,  for  if  a  man  has  a  love  for  his 
work,  he  will  do  it  well,  and  unless  he  does  it  well  he  will  not  be 
paid.  If  he  does  it  well  he  will  be  paid.  So  the  success  of  those 
hundred  men  that  were  selected  by  Mr.  Damon,  who  are  all  well 
paid  men,  is  due  to  the  fact  that  those  men  entered  their  work  be- 
cause they  liked  it,  and  were  successful  in  it,  and  as  the  result  of 
liking  it,  it  carried  them  along,  and  they  were  paid  by  it. 

Just  a  word  more  on  the  question  of  thoughtfulness  in  work.  It 
is  the  hardest  thing  to  get.  Whether  you  take  college  trained  men 
or  men  that  are  not  college  trained,  successful  men  are  those  who 
think  about  their  daily  work. 

There  is  one  thing  that  Mr.  Damon  has  not  taken  up,  and  that 
is  the  difference  between  the  literary  and  technical  college.  The 
simple  "  rule  and  thumb  "  methods  do  not  develop  thoughtful  men. 
There  I  have  found  the  principal  difference   between   the  college 
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trained  men  and  men  without  college  training.  Take  the  men  in 
the  shops — they  are  as  a  rule  the  men  who  have  not  a  college 
training,  and  they  are  not  as  a  rule  thoughtful ;  the  trained  man  is. 
The  training  which  teaches  a  man  to  think  about  his  work  is  the 
training  we  need. 

Mr.  Hale — When  Trof.  Perrine  commenced  his  remarks  he  re- 
ferred to  the  fact  that  many  parents  were  trying  to  spoil  their  chil- 
dren by  attempting  to  choose  a  course  for  them.  A  few  days  ago 
I  was  discussing  Mr.  Damon's  paper  with  a  prominent  engineer  of 
this  city,  and  he  has  some  views  which  are  unique  and  which  open 
up  an  entirely  new  phase  of  the  question.  As  soon  as  he  men- 
tioned these  views  to  me  I  made  him  promise  to  be  present  tonight 
and  say  a  few  words,  if  possible.  He  was  rather  reluctant  to  do 
so,  but  finally  consented.  I  will  ask  Mr.  Ernest  P.  Warner,  of  the 
Western  Electric  Company,  to  develop  that  phase  of  the  question. 

Mr.  E.  P.  Warner — Mr.  Chairman  and  Gentlemen  :  Prof.  Free- 
man, I  noticed  in  his  remarks,  touched  somewhat  lightly  upon  the 
phase  of  the  subject  I  have  in  mind — that  is,  the  natural  aptitude 
of  the  child.  I  have  had  occasion,  during  my  long  experience,  to 
keep  my  eye  on  and  watch  the  development  of  the  young  men  who 
were  growing  up  around  me,  who  are  getting  way  ahead  of  me  and 
who  know  things  I  can  never  hope  to  know.  It  has  interested  me 
greatly  to  watch  these  boys  develop  and  to  note  how  the  natural 
aptitude  was  exhibited.  Two  young  men,  with  equal  opportunities, 
who,  to  all  appearances,  started  with  the  same  chance,  the  same 
kind  of  a  push,  and  who  were  perhaps  supplied  with  an  equal 
amount  of  "motive  force,"  so  far  as  help  from  outside  sources  is 
concerned,  but  one  would  far  outstrip  the  other,  and  then  the  ques- 
tion would  come  to  my  mind — why .?  It  was  usually  very  clear  to 
me,  and  was  simply  a  matter  of  natural  adaptation,  natural  aptitude 
for  the  work,  thoughtfulness  and  love  for  it. 

In  connection  with  my  own  experience  I  will  say  that  I  started 
in  at  a  very  moderate  salary,  without  any  college  education — (there 
were  no  colleges  in  those  days  where  technical  education  in  our 
line  was  to  be  had).  I  remember  that  I  was  so  interested  in  my 
work  that  I  was  constantly  thinking  about  it,  even  at  home  even- 
ings, and  my  wife  used  to  accuse  me  of  thinking  more  of  magnets 
than  I  did  of  her,  and  said  that  that  sort  of  thing  must  stop.  Never 
theless  she  often  caught  me  working  out  problems  on  a  piece  of 
paper,  or  trying  to  get  up  some  new  scheme.  She  finally  gave  up 
her  efforts  and  said  that  probably  the  best  way  to  cure  me  was  to 
let  me  alone. 

As  an  illustration  of  the  point  I  am  making,  1  knew  of  a  young- 
man  not  long  ago  whose  parents  had  mapped  out  for  him  a  path. 
They  wished  him  to  become  an  engineer.     His  education  was  con- 
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ducted  with  that  in  view,  and  he  was  about  to  be  sent  to  the 
Chicago  Manual  Training  School.  His  parents  asked  me  what  I 
thought  about  the  matter,  saying  Johnny  does  not  seem  to  like  it. 
I  asked  them  what  he  did  he  did  like,  and  if  he  showed  a  liking 
for  any  one  thing  over  everything  else.  They  said  yes,  he  draws 
pictures.  They  showed  me  some  of  his  work  ;  it  was  free  hand 
perspective  drawing  of  no  mean  order.  I  told  his  father  that  it 
did  not  seem  to  me  he  was  going  to  make  a  good  engineer,  and 
that  the  inclination  was  clearly  toward  art.  His  father  replied  art 
does  not  amount  to  anything  ;  it  is  something  nobody  makes  much 
out  of  now-a-days ;  he  would  not  be  able  to  make  much  of  a  living, 
I  disagreed  with  him  and  told  him  of  a  number  of  persons  earning 
good  salaries  who  had  established  good  reputations  as  artists,  not 
only  in  the  higher  lines  but  in  actual  business,  such  as  magazine 
work,  and  lines  of  that  kind.  They  thought  the  matter  over 
seriously,  with  the  result  that  Johnny  was  allowed  to  follow  his 
natural  bent,  and  I  am  glad  to  say  he  is  making  a  success. 

I  think  the  Professors  in  our  colleges  would  perhaps  be  doing  a 
great  favor  to  the  parents  if,  instead  of  taking  a  boy  through  for 
so  many  dollars  and  giving  him  his  course,  they  would  in  some 
cases  say  to  the  parents,  "this  boy  will  never  do  anything  as  an 
electrical  or  mechanical  engineer.  Isn't  there  something  else  he 
would  prefer .?" 

Parents  think  a  son  will  make  a  good  engineer,  just  as  some 
parents  think  their  son  will  make  a  good  minister.  I  have  listened 
to  a  sermon  by.  such  ministers.  I  should  be  very  glad  to  hear 
from  Prof.  Freeman  on  this  subject,  for  I  presume  he  has  given  it 
a  great  deal  of  thought. 

Prof.  Fireman — I  am  very  glad  to  have  an  opportuuity  to  en- 
force that  idea.  I  thoroughly  agree  with  Mr.  Warner,  and  with 
Prof.  Perrine,  that  aptitude  is  a  true  requisite  for  success  in  work. 
Too  often  we  see  a  fond  mother  or  father  who  get  their  ideas  of 
engineering  proclivities  from  the  fact  that  the  boy  has  been  inter- 
ested in  choo-choo  cars,  or  the  idea  that  engineering  is  a  nice  clean 
job  and  a  proper  thing  for  Johnnie  to  take  up.  It  is  the  policy  of 
the  Faculty  at  Armour  Institute  to  carefully  sort  over  the  various 
members  of  the  classes — particularly  the  freshmen  and  sopho- 
mores— and  the  question  is  asked  of  all  instructors  having  charge 
of  those  men,  "Do  they  exhibit  an  engineering  bent  .''  Have  they 
an  engineering  aptitude  V  If  it  is  agreed  that  certain  students 
seriously  lack  an  aptitude  for  engineering,  incidents  naturally 
arise  whereby  they  are  induced  to  change  their  course.  I  think 
that  not  only  justice  but  duty  demands  that  instructors  shall  insist 
that  a  young  man  take  some  other  path  through  life  rather  than 
the  one  which  surely  will  lead  to  failure. 
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Mr.  Half  An  engineer  possessing  the  aptitude  and  ability- 
described  by  Mr.  Warner  is  always  competent  to  design  satisfac- 
tory electrical  apparatus ;  but  to  be  a  commercial  success  this 
apparatus  must  be  sold.  Now,  the  old  plan  was  to  put  the  finished 
product  into  the  hands  of  salesmen  who  more  often  than  not  knew 
little  or  nothing  about  its  construction.  The  new  and  better  way, 
however,  is  to  have  in  charge  of  the  sales  department  a  skilled 
engineer  who  is  as  thoroughly  at  home  in  the  manufacturing  as  in 
the  sales  end  of  the  business.  I  will  ask  a  gentleman  occupying 
this  very  position  with  one  of  the  large  manufacturing  establish- 
ments, Mr.  A.  L.  Tucker,  to  tell  us  something  about  the  oppor- 
tunities for  the  sales  engineer. 

Mr.  A.  L.  Tjtckcr — I  have  enjoyed  this  meeting  greatly,  and  I 
think  the  rising  generation  ought  to  be  congratulated  upon  having 
presented  for  discussion  an  article  of  the  importance  which  this  has 
grown  to  be.  I  also  think  that  great  good  could  be  derived  if  this 
paper,  with  its  discussion,  could  be  put  into  the  hands  of  students 
who  are  now  or  who  will  soon  be  in  the  preparatory  schools  or 
academies  throughout  this  section  of  the  country. 

I  would  call  your  attention  to  the  opening  sentence  of  Mr. 
Damon's  paper,  which  perhaps  might  be  called  the  integration  of 
the  whole  subject.  Because  this  business  is  complicated,  it  requires 
of  those  who  would  partake  of  its  benefits  the  most  careful  and 
complete  preparation.  The  preparation  of  the  soil  is  always  a  dif- 
ficult one.  Probably  the  industry  of  farming  has  been  longer 
known  than  any  industry  with  which  man  has  had  to  do,  and  yet 
there  have  been  greater  strides  in  the  last  thirty  or  forty  years  in 
the  farming  industry,  because  of  the  advanced  knowledge  of  how 
to  prepare  the  soil,  coupled  with  the  means  for  doing  it,  than  in 
the  previous  history  of  the  world.  The  question  of  preparation  for 
business,  as  complicated  as  the  one  before  us  tonight,  is  therefore 
worthy  of  the  deepest  and  most  careful  consideration. 

The  electrical  engineering  science  started  with  the  Leyden  jar, 
the  horseshoe  magnet,  and  the  primary  battery,  but  it  has  now  de- 
veloped to  such  proportions  that  it  seems  to  be  bounded  only  by 
the  sy^mbols  of  higher  mathematics  and  the  letters  of  the  Greek 
alphabet.  The  broadening  out  of  the  business  has  brought  with  it 
larger  responsibilities,  and  the  electrical  engineer  of  today  must  not 
only  have  accurate  knowledge  regarding  electrical  science,  but  of 
all  the  allied  sciences  as  well,  while  the  requirements  of  the  sales- 
man are  such  that  he  must  be  able  to  appreciate  the  language  of 
the  engineer,  to  read  his  thoughts,  and  to  catch  his  spirit ;  in  other 
words,  he  should  be  an  engineer  as  well  as  a  business  man. 

With  this  development  has  come  greater  and  more  numerous 
opportunities,  for  as  the  base  of  a  structure  is  enlarged  the  devel- 
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opment  is  in  proportion  to  the  square,  and  as  the  structure  is  car- 
ried upward  to  its  highest  perfection,  another  element  is  taken  on, 
and  the  development  is  in  proportion  to  the  cube.  If  a  business  may 
be  likened  to  the  growth  and  development  of  a  structure,  the  general 
rule  follows  that  opportunities  for  success  are  always  in  proportion  to 
the  enlargement.  This  rule  would  seem  to  apply,  for  the  reason  that 
the  demand  today  is  greater  even  than  the  supply,  but  the  demand 
is  for  that  class  of  men  who  have  a  fundamental  knowledge  of  the 
science  of  the  business,  who  know  how  to  think  and  to  put  their 
thoughts  into  action ;  coupled  with  a  sterling  character  that  is  as 
true  as  their  compass  and  as  inflexible  as  the  laws  with  which  they 
work. 

I  agree  with  the  previous  speakers  on  the  question  of  dividing 
the  concentration  of  thought  of  the  student  through  his  college 
course.  It  seems  to  me  that  it  would  be  a  great  mistake  to  encour- 
age a  student  to  leave  his  course  in  the  midst  of  it  and  enter  a  new 
field  in  a  manufacturing  establishment,  with  a  view  to  re-entering 
the  college  and  taking  up  the  work  where  he  left  off.  The  danger 
in  pursuing  such  a  course  is  that  he  loses  a  good  deal  of  his  pre- 
vious college  training,  while  what  knowledge  he  has  gotten  in  the 
shop  at  practical  work  is  poor  compensation  for  his  loss.  On  the 
other  hand,  manufacturing  establishments,  while  they  may  be 
termed  institutions,  must  be  distinguished  from  institutes.  Manu- 
facturing establishments  must  necessarily  perform  certain  things, 
and  must  have  men  whereby  to  perform  them,  and  it  is  my  judg- 
ment that  officials  in  such  establishments  would  be  very  loath  to 
employ  students  from  any  college  who  were  to  remain  with  them 
but  a  limited  time  with  the  view  to  returning  to  their  college  course, 
perhaps  never  to  again  re-enter  the  establishment.  It  seems  to  me 
we  ought  to  encourage  students  to  concentrate  their  efforts,  as  un- 
interrupted and  concentrated  work  is  the  keynote  to  success. 

Mr.  Hale — After  a  dynamo  or  motor,  designed  by  a  designing 
engineer,  has  been  placed  in  the  hands  of  the  sales  engineer,  of 
whom  Mr.  Tucker  has  told  us,  he  sells  the  machine  to  a  large 
operating  company — the  Chicago  Edison  Company,  for  example, — 
and  I  will  ask  Mr.  Junkersfeld  to  tell  us  about  that  part  of  the 
business. 

Air.  P.  Junkersfeld — Like  many  of  those  that  preceded  me,  I 
came  here  to  listen  rather  than  to  talk. 

The  remarks  made  by  Prof.  Woodworth,  and  Mr.  Damon,  re- 
garding their  early  start,  remind  me  somewhat  of  mine,  and  while 
my  experience  was  a  hard  one,  considering  my  sore,  hands  and 
tired  limbs,  I  look  back  on  that  experience  with  a  good  deal  of 
satisfaction.  I  am  also  carried  still  further  back  to  my  college 
days,  to  the  observations  I  made  at   that  time  and   since  then,  in 
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coming  in  contact  with  a  large  number  of  young  men.  This 
observation  and  contact  has  impressed  me  with  one  point  that  has 
been  brought  out,  and  that  is  the  inaptitude  shown  by  some  young 
engineers  for  engineering.  It  was  also  shown  that  our  technical 
institutions  are,  to  a  certain  extent,  doing  something  to  correct 
such  mistakes,  but  I  do  not  believe  all  that  work  should  be 
shouldered  on  to  the  professors.  I  believe  a  great  many  parents 
and  a  great  many  relatives  make  the  mistake  of  encouraging  a 
young  man  to  go  to, college  too  early  in  life.  He  often  goes  at  a 
time  when  he  has  only  a  hazy  notion  of  the  qualifications  for,  or 
the  sacrifices  to  be  frequently  made  by  the  succesful  future 
engineer.  Also  instead  of  breaking  into  the  college  course  for  a 
year  or  more,  he  should,  in  my  opinion,  get  as  much  of  that  so- 
called  practical  training  before  going  to  college  as  possible.  It 
helps  him  to  better  comprehend  his  work. 

Another  point  I  want  to  mention,  and  that  is  the  importance  to 
engineers,  particularly  those  employed  by  Central  Station  com- 
panies, of  having  a  certain  amount  of  m.echanical  (and  particularly 
steam)  engineering  experience.  An  electrical  engineer  employed 
by  a  Central  Station  company  is  severely  handicapped  if  he  has 
not  a  good  working  knowledge  of  steam  engineering.  It  does  not 
matter  whether  he  acquires  that  knowledge,  after  or  before  his 
college  course.  He  should  know  in  a  broad  way  the  economics  of 
engineering  ;  have  a  good  idea  of  business  law,  be  able  to  make 
proper  valuations,  to  judge  of  the  productiveness  and  probabilities 
of  given  investments  to  bring  returns.  He  needs  a  knowledge  of 
men  as  well  as  of  materials.  Some  shop,  station  or  business 
experience,  even  though  in  a  small  way,  is  a  great  advantage 
for  any  young  engineer. 

Mr.  Hale — While  speaking  of  power  apparatus  and  power 
machinery — electric  power — I  will  ask  Mr.  Sessions,  of  the  Stanley 
Electric  Manufacturing  Company,  if  he  will  not  say  something  on 
this  subject  1 

Mr.  E.  O.  Sessions — You  have  asked  me  to  speak  on  rather  a 
hard  subject  offhand,  as  it  covers  such  a  multitude  of  things.  I 
would  prefer  to  speak  on  the  education  of  the  sales  engineer.  Mr. 
Tucker  has  told  us  something  about  these  men.  The  make-up  of 
the  sales  engineer  is  necessarily  that  of  a  construction  man,  and 
the  construction  man's  education  should  necessarily  be  a  very 
technical  one,  as  he  handles  perhaps  everyday,  propositions  that 
are  about  as  broad  and  as  technical  as  can  possibly  be  made.  This 
construction  experience  in  my  case  embraced  a  high  school  educa- 
tion, supplemented  by  a  two  years'  technical  course  and  a  four 
years'  course  in  a  large  manufacturing  establishment.  I  can  only 
say,  in  regard  to  the  technical  course,  that  I  am  very  sorry   I   did 
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not  have  the  other  two  years,  and  if  I  could  possibly  break  off 
now  and  take  it  I  would  do  so. 

I  should  advise  that  the  beginner  take  a  manufacturing  course 
in  a  large  electrical  manufactory  of  some  sort,  and  supplement  that 
by  about  two  years  "on  the  road,"  and  during  that  time  that  he 
gain  further  knowledge  of  law,  good  manners,  tact,  concentration, 
and  an  ability  to  get  at  things.  I  believe  that  these  are  the  essen- 
tials for  such  a  position. 

Mr.  Hale — Referring  to  the  table  in  Mr.  Damon's  paper,  show- 
ing salaries  received  for  different  kinds  of  work,  I  notice  that  the 
salary  of  the  consulting  engineer  is  $6,400.  I  am  going  to  ask  Mr. 
Kempster  B.  Miller,  the  well-known  telephone  expert  and  consult- 
ing engineer,  to  tell  us  how  he  makes  so  much  money. 

Mr.  Kempster  B.  Miller — My  entrance  into  the  field  of  consult- 
ing engineer  has  been  made  public  just  a  little  before  I  expected 
it.     However,  I  am  very  glad  of  Mr.  Hale's  introduction. 

I  will  disregard  Mr.  Hale's  reference  to  making  money,  for  Mr. 
Damon  has  said  that  this  is  a  questionable  measure  of  success.  I 
will  point  out  one  qualification  for  success,  which,  it  seems  to  me, 
has  not  been  brought  out  with  sufficient  emphasis  this  evening. 
This  qualification  is  the  ability  on  the  part  of  the  young  engineer 
to  weigh  efficiency  per  se  against  what  may  be  called  commercial 
effectiveness.  It  may  take  a  good  man  to  design  a  machine  for  a 
certain  line  of  work,  having,  say,  85  per  cent  efficiency.  It  takes 
a  better  man  to  be  able  to  judge  whether  or  not  a  similar  and 
cheaper  machine  with  only  75  per  cent  efficiency  is  not,  after  all, 
the  better  sort  of  machine  for  the  purpose.  Some  engineers,  in 
their  work,  aim  at  perfection  in  point  of  mechanical  and  electrical 
efficiency,  regardless  of  any  sacrifices  that  may  have  to  be  made  in 
regard  to  simplicity,  cost,  reliability,  etc.  The  best  men,  however, 
know  that  it  is  often  well  to  sacrifice  efficiency  for  other  qualities, 
and  the  sooner  one  learns  to  properly  balance  these  factors  the  bet- 
ter will  be  his  opportunities. 

Much  has  been  said,  particularly  by  Mr.  McBerty  (and  he  knows), 
as  to  patents.  Patent  work  affords  a  good  field  of  opportunity — it 
seems  to  me  not  adequately  appreciated — for  young  men  of  the 
proper  turn  of  mind.  I  do  not  refer  to  the  patenting  of  one's  own 
inventions,  for  most  of  us  are  not  slow  in  appreciating  the  merit  of 
our  own  ideas,  but  I  do  refer  to  the  work  of  takmg  out  patents, 
and  the  work  that  is  often  required  in  connection  with  patents  when 
they  are  the  subject  of  litigation.  Probably  the  best  training  for 
a  man  who  wishes  to  become  a  patent  attorney  or  a  patent  expert, 
is,  after  securing  his  technical  training  in  a  college  or  in  any  other 
manner,  to  enter  the  United  States  Patent  Office  as  an  assistant 
examiner.      By  this  means  he  will  become  familiar  with  patents  in 
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general,  and  with  patent  law.  Besides  this,  he  will  become  thor- 
oughly conversant  and  up-to-date  on  at  least  one  particular  art, 
whether  it  relates  to  electrical  work  or  to  the  manufacture  of  shoe 
buttons.  The  salary  at  the  start  is  $ioo  a  month,  not  an  unat- 
tractive figure  for  the  average  man  to  start  on  when  leaving  col- 
lege. The  opportunities  within  the  Patent  Oflfice  as  to  ultimate 
success  are  limited,  but  the  opportunities  opened  up  on  the  outside 
to  the  man  who  has  the  nerve  to  learn  the  lessons  of  the  Patent 
Office  and  then  to  "  make  a  break "  in  commercial  life  are  not 
limited. 

Now  a  word  as  to  the  correspondence  schools.  I  know  from 
personal  experience,  and  actual  intimate  contact,  that  the  corres- 
pondence schools  are  doing  good  work.  I  agree  with  what  Mr. 
Damon,  and  particularly  Prof.  Freeman,  have  said  in  regard  to  the 
method  of  conducting  examinations.  There  is  the  best  chance  in 
the  world  for  a  student  who  likes  to  fool  himself,  to  obtain  high 
marks,  but  it  is  very  seldom  that  he  will  fool  any  one  but  himself. 
To  the  right  sort  of  a  man,  however,  to  whom  the  opportunity  of 
going  to  college  is  denied,  the  correspondence  school  will  be  of  the 
greatest  assistance,  even  if  it  does  nothing  more  than  to  make  him 
study,  make  him  think,  and  write  out  his  thoughts.  If  it  does  not 
do  this,  it  is  liable  to  improve  his  penmanship  and  spelling,  which 
counts  for  something. 

Mr.  Hale — There  have  been  quite  a  number  of  references  this 
evening  to  correspondence  schools  and  correspondence  instruc- 
tion, and  I  think  we  might  devote  a  little  time  to  that  subject.  We 
have  with  us  the  Superintendent  of  the  International  Correspon- 
dence Schools,  Mr.  L,  A.  Lavers,  who  will  speak  on  correspon- 
dence instruction  in  general,  its  advantages  and  its  limitations. 

Mr.  L.  A.  Lavers — When  I  was  called  up  over  the  'phone  this 
afternoon  and  invited  to  attend  your  meeting  tonight  and  to  say  a 
few  words  to  you  on  the  subject  of  correspondence  instruction,  it 
occurred  to  me  to  write  out  what  little  I  had  to  say ;  and  in  that 
connection  I  am  reminded  of  the  distinguished  Norman  McLeod, 
who  was  once  preaching  in  Ayrshire,  where  the  reading  of  a  ser- 
mon is  the  greatest  fault  of  which  the  minister  could  be  guilty. 
When  the  congregation  dispersed,  an  old  woman,  overflowing  with 
enthusiasm,  addressed  her  neighbor:  "Did  ye  ever  hear  anything 
so  gran'.''  Wasna  that  a  sermon  t  "  But  all  her  expressions  of 
admiration  being  met  by  a  stolid  glance,  she  shouted  :  "  Speak, 
woman  !  Wasna  that  a  sermon  ?  "  "  Ou,  ay,"  replied  the  friend 
sulkily,  "but  he  read  it."  "  AV<?<^/ /V,"  said  the  other,  with  indig- 
nant emphasis,  "  I  wadna  care  if  he  had  whussled  it." 

But  to  proceed  to  my  subject.  It  was  my  privilege  to  receive  an 
advance  copy   of   Mr.  Damon's  paper,  which    has  been  presented 
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here  this  evening,  and,  while  I  have  not  found  time  to  read  it 
through,  I  did  read  that  clause  on  page  7  which  refers  to  corres- 
pondence schools. 

I  am  not  going  to  question  Mr.  Damon's  statement  as  presented 
therein,  but  I  do  want  to  say  this,  that  after  every  college  and 
night  school  now  in  existence  has  its  capacity  taxed  to  the  utmost, 
and  even  after  the  present  capacity  has  been  doubled,  and  after 
every  man  who  could  avail  himself  of  a  college  education  has  done 
so,  there  will  still  be  left  a  great  army  of  ambitious  fellows  right- 
fully aspiring  to  greater  possibilities,  and  more  who  ought  to  be, 
whom  not  only  the  present  correspondence  schools,  but  double  their 
number,  will  not  be  able  to  properly  take  care  of. 

But  I  hardly  feel  as  though  it  were  necessary  for  me  to  enter 
into  a  defense  of  correspondence  instruction.  That  method  of  im 
parting  instruction,  when  properly  conducted,  has  been  demon- 
strated a  success  beyond  the  shadow  of  a  doubt,  and  the  man  who 
argues  otherwise,  or  the  man  who  does  not  know  that  to  be  the 
case,  only  displays  his  ignorance  of  what  is  being  accomplished. 

But  do  not  misunderstand  me.  I  do  not  say  that  correspondence 
instruction  is  preferable  to  a  college  education ;  on  the  contrary, 
during  my  connection  with  correspondence  work  I  have  on  a  good 
many  occasions  been  asked  whether  I  recommended  our  system  in 
preference  to  a  college  course,  and  I  have  invariably  said  that  if  the 
party  could  attend  college  by  all  means  have  him  do  so. 

But  I  have  no  sympathy  with  the  fellow  who,  because  he  cannot 
for  any  reason  attend  college,  will  not  aim  to  improve  himself  by 
the  best  means  that  are  within  his  reach,  whatever  that  means  may 
be.  Nor  have  I  any  sympathy  for  that  maudlin  sentiment  we  so 
often  hear  expressed,  that  "  a  little  knowledge  is  a  dangerous 
thing."  Such  a  doctrine  is  a  fallacy.  Every  little  thing  that  we 
can  add  to  our  general  store  of  knowledge  is  just  so  much  gained, 
and  because  we  cannot  learn  everything,  even  about  one  particular 
thing,  it  does  not  follow  that  we  should  not  learn  anytJiing,  or  that 
the  little  we  learn  will  be  dangerous  to  us. 

My  contention,  Mr.  Chairman  and  gentlemen,  is  this,  and  I  be- 
lieve you  will  agree  with  me,  that  the  more  a  man  knows  about  a 
given  line  of  work  the  better  he  can  do  that  work,  and  that  every 
little  hdps. 

The  better  he  can  do  his  work  the  more  his  services  are  in  de- 
mand, and  the  more  his  services  are  in  demand  the  better  salary  or 
wages  he  will  be  able  to  command. 

We  don't  any  of  us,  Mr.  Chairman,  know  it  all,  but  most  of  us 
are  learning  something  every  day,  and  we  arc  the  better  for  what 
we  do  learn,  and  the  more  we  learn  the  better. 

I  am  not  here  to  advertise  correspondence  instruction  particu- 
larly, though  I  believe  in  it  thoroughly,  but  I  am  going  to  take  the 
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liberty  of  saying  that  every  man  in  this  room  ought  to  be  a  friend 
to  correspondence  instruction.  Many  of  you  I  know  are,  and  you 
cannot  be  too  enthusiastic  about  it  either.  Many  thousands  of 
young  men  throughout  the  country  are  receiving  substantial  bene- 
fit from  it,  and  more  ought  to  be. 

We  make  no  claim  to  be  able  to  inject  an  education  into  any- 
body, as  a  doctor  might  a  little  morphine,  but  if  a  student,  by  a  cor- 
respondence method,  will  apply  himself  as  he  must  apply  himself 
to  gain  success  in  anything,  no  matter  what  it  is,  he  cannot  fail. 

But,  gentlemen,  if  I  argued  this  subject  with  you  for  an  hour  I 
could  not  say  anything  to  you  half  as  well  calculated  to  carry  con- 
viction to  your  hearts  regarding  the  practicability  of  correspondence 
instruction  as  the  one  single  statement  that  the  International  Cor- 
respondence Schools  of  Scranton,  which  I  have  the  honor  to  rep- 
resent, received  from  their  students  throughout  the  country,  dur- 
ing the  four  weeks  ending  the  13th  of  February,  yy,oy6  lesson 
papers  and  drawing  plates,  which  were  individually  inspected,  cor- 
rected, and  returned.  I  repeat,  77,076  papers  in  twenty-four 
working  days,  an  average  of  3,21 1  a  day. 

In  the  face  of  that  statement,  gentlemen,  and  in  the  face  of  the 
work  being  done  by  other  correspondence  schools,  is  there  a  man 
here  who  can  find  it  in  his  heart  to  say  other  than,  God  speed  the 
system  of  correspondence  instruction. 

Mt'.  Hale — I  think  that  Mr.  R.  F.  Schuchardt  has  a  few  words 
to  say  to  us  on  the  subject  of  correspondence  schools. 

Mr.  R.  F.  Sclmcliardt — I  have  been  very  much  interested  in  the 
remarks  of  Mr.  Lavers.  We  are  always  glad  to  hear  direct  from 
headquarters  about  this  subject  in  which  we  are  all  so  much  inter- 
ested, since  so  many  young  men  are  now  using  these  correspond- 
ence courses  as  the  ladder  by  means  of  which  to  climb  up  in  our 
profession. 

Prof.  Freeman  and  Mr.  Miller,  in  their  reference  to  correspon- 
dence schools,  have  almost  stolen  all  my  thunder  but  I  may  be  able 
to  add  a  little  echo,  as  I  have  recently  gained  some  information  on 
this  subject.  I  want  to  say  at  the  outset  that  I  am  a  friend  of  cor- 
respondence schools.  They  can  be  and  undoubtedly  are  a  source 
of  great  usefulness  to  many,  for  all  ambitious  young  men  are  not 
so  fortunate  as  to  live  in  a  city  like  Chicago  where  such  excellent 
opportunities  are  afforded  them  as  at  Lewis  and  at  Armour  insti- 
tutes. The  many  letters  which  we  see  in  the  advertising  pages  of 
our  magazines  and  which  are  written  by  correspondence  students, 
telling  of  how  they  have  risen  from  dynamo-tender  to  general  sup- 
erintendent in  some  three  months  or  more,  are  certainly  strong 
testimonials  of  the  effectiveness  of  these  courses.  I  am  also  a  firm 
believer  in  this  —the  harder  a  man  has  to  struggle  for  an  education 
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the  more  good  he  will  get  out  of  it — and  the  getting  of  an  educa- 
tion from  a  correspondence  course  is  not  altogether  a  path  of  roses. 

Several  young  men  of  my  acquaintance  have  recently  taken  up 
correspondence  instruction  and  as  I  am  more  or  less  interested  in 
their  general  improvement,  I  have  at  times  discussed  their  progress 
with  them.  The  information  thus  gained  showed  me  that  there  is 
some  room  for  improvement  in  these  courses  and  it  emphasizes  the 
statement  made  by  Mr.  Damon  on  page  7,  that  "a  young  man  who 
will  deliberately  choose  correspondence  instruction  if  anything  else 
is  available  is  making  a  serious  mistake."  It  is  true  the  schools  are 
comparatively  young  and  they  will  undoubtedly  improve  with  age  and 
experience.  Meanwhile,  friendly  criticism  of  their  work  will  prob- 
ably be  welcomed  by  the  management  of  the  schools.  From  what 
I  have  seen  it  seems  that  in  the  efforts  toward  the  financial  effi- 
ciency of  the  institution,  the  educational  efficiency  has  not  had  quite 
sufficient  attention.  A  little  more  care  might  be  taken  with  profit 
by  the  instructors  in  the  preparation  of  the  papers.  Of  course, 
typographical  errors  will  appear  in  almost  any  work  but  in  a  cor- 
respondence course  such  errors  are  very  apt  to  mislead  students 
and  very  strenuous  efforts  should  be  made  to  prevent  their  going 
out.  I  remember  seeing  a  statement  in  which  a  simple  grammatical 
error  made  it  read  that  the  "inch"  and  the  "centimeter"  are  the 
same  thing. 

As  an  illustration  of  one  phase  of  Mr.  Damon's  statement,  al- 
ready referred  to,  I  will  cite  the  case  of  a  young  man  who  had  sub- 
scribed to  the  electrical  engineering  course  at  a  correspondence 
school.  He  had  paid  two  $5.00  installments  toward  the  $65.00, 
the  total  cost  of  the  course,  and  had  received  two  or  three  lessons 
which  he  found  rather  difficult.  The  school  then  offered  him  a  dis- 
count of  $  1 1 .00  if  he  would  pay  the  balance  in  cash,  and  he  came 
to  me  for  advice.  Investigation  of  the  electrical  course  of  the 
Lewis  Institute  night  classes  showed  that  this  man  could  get  the 
entire  electrical  course  there,  with  the  personal  attention  of  the 
instructor  in  nine  terms  (three  years)  at  a  cost  of  $5.00  per  term,  a 
total  of  $45.00  if  he  took  the  entire  course.  He  is  now  enrolled  at 
Lewis  Institute. 

The  principal  failing  of  the  correspondence  courses  as  at  present 
conducted  appears  to  be  that  they  appeal  to  the  memory  rather 
than  to  the  thinking  powers  of  the  student.  To  illustrate- — a  stu- 
dent of  a  correspondence  school  recently  applied  for  a  posi- 
tion in  a  large  central  station.  As  a  card  of  introduction  he  handed 
out  a  bunch  of  lesson  certificates  which  showed  him  to  have  passed 
very  satisfactorily  in  every  branch  of  his  studies.  In  dynamo-elec- 
tric machinery  he  had  a  mark  of  100  per  cent  and  in  no  lessons 
had  he  received  less   than  99   per  cent,  yet  he   could   not    draw  a 
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simple  dynamo  nor  tell  what  its  parts  are,  nor  had  he  any  idea  of 
the  simplest  element  of  a  commercial  electrical  system.  To  cap 
the  climax  he  then  produced  a  letter  from  his  correspondence 
school  addressed  "to  whom  it  may  concern,"  in  which  his  aptitude 
for  central  station  work,  his  general  brightness  and  efficiency  were 
set  forth  in  glowing  terms.  This  letter  was  undoubtedly  written 
in  good  faith  but  it  seems  to  me  the  "subject"  should  have  been 
more  thoroughly  investigated  before  being  given  the    blue    ribbon. 

Now  I  do  not  wish  these  remarks  to  be  interpreted  as  hostile 
criticism.  I  repeat  that  I  am  a  friend  of  correspondence  schools 
and  I  am  interested  in  seeing  the  men  who  can  get  a  higher  educa- 
tion only  through  such  schools  get  the  very  best  for  their  hard- 
earned  money.  I  say  most  ferxently,  "God  bless  the  correspon- 
dence student." 

If  these  remarks  reach  the  management  of  the  correspondence 
schools  and  they  receive  such  little  attention  as  they  may  be  wor- 
thy of  their  object  will  be  accomplished. 

Mr.  Hale — Mr.  Cloyd  Marshall,  Assistant  Engineer  of  the  St. 
Louis  Exposition,  is  present  this  evening  and  will,  I  am  sure,  be 
kind  enough  to  tell  us  of  the  opportunities  afforded  by  World's 
Fairs  and  large  spectacles  of  that  order. 

Mr.  Cloyd  Marshall — In  looking  about  me  this  evening  I  have 
been  seeking  familiar  faces,  but  find  very  few.  It  seems  to  me 
that  speaks  very  forcibly  of  the  fact  that  electrical  engineers  are 
coming  and  going.  I  was  a  member  of  the  Chicago  Electrical 
Association  four  or  five  years  ago,  and  supposed  I  would  know 
nearly  every  one  here  to-night,  but  I  see  very  few  who  where  here 
at  that  time. 

I  can  well  imagine,  in  reading  Mr.  Damon's  paper,  what  satis- 
faction it  will  be  to  those  who  are  younger,  to  look  at  the  financial 
aspect  as  presented.  I  think,  taking  the  profession  as  a  whole, 
you  will  hardly  find  an  average  that  will  show  so  well  as  that,  in 
the  electrical  field.  I  think  too,  that  to  the  average  young  man  at 
starting,  $2,000  to  $2,500  sounds  like  a  pretty  big  figure,  so  he 
ought  to  be  satisfied  in  the  future  if  he  is  looking  in  that  direction. 

In  going  over  the  country  as  I  do,  I  find  a  great  many  changes 
in  every  way  ;  new  developments  in  machinery ;  new  companies 
springing  up  and  old  ones  going  out  of  existence,  and  that  leads  to 
the  thought  that  the  electrical  engineer  must  be  a  progressive 
man ;  there  are  new  conditions  put  to  him  all  the  time.  We  see 
that  every  day.  For  example,  we  have  steam  turbines  taking  the 
place  of  steam  engines ;  that  means  new  power  house  designs, 
etc.,  and  tonight  a  gentleman  has  been  telling  me  about  something 
that  will  revolutionize  storage  batteries.  And  so  a  young  man 
must  not  confine  himself  to  a  particular  kind  of  work.     Of  course 
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he  must  specialize,  but  that  should  not  narrow  him  to  too  great  an 
extent. 

In  looking  over  my  acquaintances  among  college  friends,  I  have 
been  rather  astonished  that  some  men  who  were  not  particularly- 
good  students  have  made  a  comparatively  great  success  in  com- 
mercial work,  and  I  have  sought  for  the  reasons.  The  only 
thing  that  presents  itself  is  this,  that  these  men  who  have  been 
successful  were  friendly  and  knew  how  to  approach  men ;  it  seems 
to  me  that  personality  and  also  the  power  of  expression,  either  in 
writing  or  by  word,  have  a  great  deal  to  do  with  success,  and  that 
is  something  which  can  best  be  done  perhaps,  through  just  such 
organizations  as  this,  and  the  American  Institute  of  Electrical  Engi- 
neers, and  others. 

Perhaps  I  should  say  a  word  about  the  World's  Fair.  Of  course 
there  are  some  opportunities  there,  but  not  so  many  as  people 
think.  I  believe  we  get  from  ten  to  a  dozen  letters  a  day  from 
young  electrical  engineers  looking  for  opportunities  at  the  Fair. 
A  few  applications  can  be  accepted,  but  not  many.  From  Mr. 
Damon's  tabulation  of  salaries  I  would  recommend  that  not  many 
of  you  apply  for  a  position  at  the  World's  Fair,  but  from  an  ex- 
perience standpoint  there  is  nothing  better.  In  electricity  there  is 
constant  development  and  advancement,  and  every  few  years  marks 
an  epoch.     So  we  must  remember  to  keep   ourselves   well   posted. 

J/r.  J.  W.  Mabbs — I  would  like  to  make  a  little  comparison  be- 
tween the  technically  educated  man  and  the  non-technical.  I  am 
a  graduate  of  the  college  the  paper  refers  to  as  the  college  of 
"Hard  Knocks,"  and  belong  to  what  has  been  spoken  of  as  the 
past  generation. 

Some  years  ago  I  made  a  trip  through  Purdue  University,  and 
the  thing  that  struck  me  the  most,  was  how  quickly  those  young 
men  learn  things  that  took  me  so  long  to  learn.  Right  there,  it 
seems  to  me,  is  a  great  difference  between  a  technical  and  non- 
technical education.  The  hard  knocks  that  a  man  gets  in  prac- 
tical experience  undoubtedly  is  a  training,  and  it  is  a  college  course, 
A  great  many  enter  it,  but  few  ever  gain  the  senior  year.  The  rea- 
son is,  the  course  is  very  long,  the  knowledge  is  gotten  by  hard 
knocks  and  long  experience.  The  young  men  that  have  college 
training  have  the  advantage  of  gaining  knowledge  by  the  mistakes 
and  experience  of  others,  and  they  do  not  have  to  retrace  the 
ground  several  times  in  order  to  get  this  knowledge.  I  n  that  way 
they  get  over  the  ground  in  a  short  time  and  to  great  advantage. 
Those  not  having  this  opportunity  appreciate  it  even  more  than 
the  man  that  has  it. 

Mention  has  been  made  here  tonight  that  a  large  percentage  of 
the  inventions  come  from  the  men  that  have  not  had  a  college  edu- 
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cation.  I  think  the  reason  for  that  is  that  the  practical  training  is 
like  "  the  mills  of  the  gods — they  grind  slowly  but  grind  exceed- 
ingly small,"  and  it  makes  a  man  very  thorough,  especially  if  he  goes 
anywhere  near  through  the  course.  He  is  better  fitted  to  grasp 
the  details  which  go  into  an  invention  than  the  technical  man.  The 
technical  education  is  a  great  advantage,  and  when  combined  with 
practical  training  produces  the  highest  type  of  engineer. 

In  regard  to  the  bent  of  an  engineer,  it  is  a  good  deal  the  same 
way  as  it  is  with  the  mechanic.  They  always  told  me  that  a  me- 
chanic is  born,  not  made.  The  same  rule  holds  good  with  the 
electrical  engineer.  If  the  college  man  has  the  advantage  in  time, 
the  practical  man  has  the  advantage  in  the  ability  of  doing  things. 
I  remember  a  young  man  came  to  our  shop  at  one  time  who  was  a 
graduate  of  a  technical  college,  and  had  also  been  a  Professor  in 
the  same  college.  His  ability  to  do  things  was  very  hmited.  He 
was  long  on  theory,  but  very  short  on  practice — to  such  an  extent 
that  he  graduated  from  that  shop  in  about  three  weeks. 

Jllr.  Harold  Almert — The  hour  is  getting  late,  I  know,  and  some 
of  the  members  getting  restless,  but  this  subject  has  been  so  very 
interesting  that  I  am  sorry  it  is  not  a  "watch  meeting."  There  is 
just  one  point  that  I  want  to  touch  on,  which  came  to  me  during 
Mr.  Warner's  remarks,  and  that  is  regarding  the  early  education. 

I  can  remember  in  my  early. school  days  that  a  great  many  of 
my  schoolmates  did  not  realize  nor  appreciate  the  necessity  of  hav- 
ing an  education,  and  wasted  a  great  deal  of  time.  It  seems  to  me 
it  would  have  been  better  if  they  could  have  had  some  practical 
experience,  by  which  they  would  have  been  shown  the  necessity  of 
having  an  education. 

Regarding  the  correspondence  schools.  About  five  years  ago  I 
wanted  to  better  the  conditions  in  a  certain  department,  and  for 
that  reason  I  conducted  an  evening  school  on  a  small  scale.  I  was 
very  much  surprised  at  the  results  at  the  end  of  the  year,  for  out 
of  fourteen  employes  in  the  department  there  was  just  one  left 
when  the  year  was  over.  They  got  along  so  nicely  that  they  were 
able  to  take  better  positions.  Since  then  I  have  recommended  the 
correspondence  course  to  those  who  have  not  been  able  to  take  ad- 
vantage of  the  evening  classes  in  and  about  Chicago,  and  I  have 
noticed  that  the  percentage  of  those  who  have  finished  the  courses 
is  about  I  to  lo,  but  that  07ic  is  certainly  worth  double  the  money 
that  he  was  before  he  began  the  course.  The  correspondence 
schools  are  certainly  doing  very  good  work  for  those  who  can- 
not take  advantage  of  the  work  that  has  been  outlined  here  to- 
night. 

As  one  interested  in  the  work,  I  want  to  advise  those  who  have 
not  already  done  so,  regardless  of  whatever  courses  they  may  be 
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taking  and  whatever  courses  they  have  had,  to  put  in  an  application 
for  membership  in  the  Western  Society  of  Engineers. 

Mr.  Francis  Raymond — It  is  interesting  to  note  that  President 
James  M.  Dodge,  of  the  American  Society  of  Mechanical  Engi- 
neers of  New  York,  on  December  i  st  last,  allotted  to  technical  gradu- 
ates an  income  of  only  S650  at  the  age  of  22,  $900  at  24,  $1,350 
at  26,  $1,800  at  28,  $2,050  at  30,  and  $2,150  at  32,  He  rated 
shop  trained  men  at  $675  at  22,  $780  at  24  to  32  years.  Trade 
school  men  receive  $850  at  22,  $1,000  at  24,  $1,200  at  28,  and 
$1,250  at  32.  These  figures  would  seem  to  leave  no  doubt  as  to 
the  good  value  of  technical  school  education. 

Mr.  Dodge's  address  reminds  me  that  Mr.  Damon's  average  man 
^t  33)^  years,  with  income  of  $3,440  per  year,  represents  the  po- 
tential value  of  $68,800  upon  which  he  earns  5  per  cent  for  a  50- 
week  year. 

Mahin's  Hand  Book  rates  the  4,780  general  officers  of  the  rail- 
roads of  this  country  at  an  average  of  $3,423,  and  the  4,923  other 
officers  at  an  average  of  $1,735  per  year ;  the  engine  men,  the  best 
paid  of  all  other  railroad  employes,  receiving  but  $1,965,  while  next 
on  the  list,  the  conductors,  receive  but  $1,650. 

I  would  like  to  call  attention  to  Mr.  Damon's  advice,  that  any 
man  "  will  find  that  the  electrical  business  is  so  broad  in  its  scope 
that  a  natural  aptitude  in  any  direction  can  be  made  of  use."  Fur- 
ther, I  would  suggest  to  the  younger  electrical  men  to  make  a 
special  effort  to  make  friends  in  every  direction,  and  in  addition 
that  the  one  necessary  thing  to  success  is  "  work,  work,  WORK  !  " 

Prof.  Morgan  Brooks  {by  letter^ — It  is  of  course  very  gratifying 
to  have  such  a  unanimity  of  opinion  of  the  value  of  technical 
training,  especially  from  those  who  have  missed  it  themselves,  but 
this  should  not  allow  the  teacher  to  become  complacent ;  it  should 
rather  encourage  him  to  try  to  improve  the  training  so  that  it 
shall  continue  to  lead  in  the  preparation  of  technical  men.  I  do 
not  believe  that  any  school  could  require  definitely  that  a  year  of 
practical  work  should  be  inserted  anywhere  in  the  course.  That 
would  not  only  lead  to  many  never  finishing,  as  has  been  stated, 
but  the  uneven  experience  of  different  students  would  not  equip 
them  particularly  well  for  a  saving  of  time  in  a  particular  direction. 
Many  have  said  that  the  the  technical  schools  already  devote  too 
much  time  to  shop  and  laboratory  work.  I  doubt  this,  for  whereas 
the  strictly  theoretical  training  is  no  doubt  the  province  of  such 
schools,  the  establishment  of  theory  is  much  more  certain  if  ac- 
companied with  experiment,  and  further  the  graduate  must  have 
some  technical  training  to  enable  him  to  take  hold  quickly  of  what- 
ever work  he  finds  to  do. 

The  relation  of  mathematics  to  technical  education  as  well  as  to 
the  engineer  I  would  like  to  see  discussed.     I  feel  that  the  gradu- 
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ate  often  discards  the  benefits  of  mathematical  treatment  of  a 
question,  because  he  has  been  fooHsh  enough,  or  not  trained  to 
reah/.e  that  an  exact  result  cannot  be  had  from  inexact  data,  or 
from  data  improperly  applied.  The  lower  classes  in  the  University 
get  an  idea  that  every  solution  must  be  mathematically  correct  to 
an  indefinite  number  of  decimals  if  you  please,  when  perhaps 
there  may  be  an  uncertainty  of  ten  per  cent  in  the  given  quantities. 
It  is  as  absurd  as  to  use  every  i-efinement  of  trigonometry  in  cal- 
culating the  area  of  a  field  down  to  hundredths  of  a  square  foot, 
when  the  dimensions  were  merely  paced  off,  and  the  angles  guessed 
at.  I  have  often  given  engineering  questions  in  examination  with 
intentional  indefiniteness,  telling  the  student  to  assume  reasonable 
conditions  where  not  given,  and  to  work  out  a  reasonable  result. 
Sometimes  also  I  give  out  unneccessary  data ;  the  boys  get  the 
idea  that  every  item  of  information  (as  is  the  case  in  mathematical 
statements)  must  somehow  apply  to  the  question.  I  believe  that 
engineers  do  not  use  mathematical  analysis  half  enough,  but  that 
perhaps  it  is  in  part  due  to  the  method  of  teaching  mathematics, 
not  discriminating  enough.  I  tell  my  students  that  they  must  not 
underestimate  the  ability  of  those  who  hav^e  not  had  the  adv^antage 
of  a  technical  education.  The  athlete  may  be  overtrained,  and  not 
able  to  walk  so  far  in  a  day  as  a  lame  man,  who  knows  how  to  use 
his  strength  to  best  advantage.  I  do  not  think  that  egotism  is  so 
general  a  fault  of  the  trained  graduate  today,  although  it  perhaps 
is  not  the  easiest  thing  to  impart  sufficient  self-assurance  without 
egotism. 

Mr.  A.  S.  Hibbard  {by  letter^ — Some  interesting  matter  bearing 
upon  this  particular  question  is,  I  think,  found  in  the  essay  of  An- 
drew Carnegie,  entitled  "How  to  Win  a  Fortune,"  in  which  he 
makes  some  interesting  comparisons  between  the  successes  made 
by  men  who  have  had  college  educations  and  those  who  have  not. 
He  states  that  he  asked  a  New  York  banker  to  give  him  a  few 
names  of  presidents  and  vice-presidents  and  cashiers  of  their  great 
New  York  City  banks  who  had  begun  as  boys  or  clerks.  He  was 
given  thirty-six  names,  and  it  was  stated  that  more  might  be  pre- 
sented. Among  the  entire  list  there  was  not  one  college  graduate, 
and  Mr.  Carnegie  states  that  he  has  inquired  and  searched  in  all 
quarters,  but  finds  small  trace  of  him  as  the  leader  in  affairs,  although 
not  seldom  occupying  positions  of  trust  in  financial  institutions.  The 
meat  of  the  whole  matter  seems  to  be  largely  within  the  following 
paragraph: 

"Nor  is  this  surprising.  The  prize-takers  have  too  many  years 
the  start  of  the  graduate,  they  have  entered  for  the  race  invariably 
in  their  teens — in  the  most  valuable  of  all  the  years  for  learning — 
from  fourteen  to  twenty;  that  while  the  college  student  has   been 
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learning  a  little  about  the  barbarous  and  petty  squabbles  of  a  far-dis- 
tant past,  or  trying  to  master  languages  which  are  dead,  such  know- 
ledge as  seems  adapted  for  life  upon  another  planet  than  this,  as  far  as 
business  affairs  are  concerned — the  future  captain  of  industry  is 
hotly  engaged  in  the  school  of  experience  obtaining  the  very  knowl- 
edge required  for  his  future  triumps." 

This  seems  to  bring  up  the  point  which  I  think  we  must  all  ac- 
knowledge, that  the  years  from  fourteen  to  twenty  are  the  greatest 
years  for  learning.  If  they  are  devoted,  to  some  extent  at  least,  to 
learning  that  which  we  propose  to  stick  to  in  after  life  and  take  up 
as  a  business  occupation,  we  will  have  advantage  over  others  who 
do  not  devote  these  years  to  such  profitable  employment. 

Mr.  Carnegie  in  his  essay  makes  a  decided  exception  of  a  poly- 
technic and  scientific  education,  and  points  to  the  successes  of  men 
so  educated  in  the  steel  industries,  and  in  others,  and  he  by 
no  means  seems  to  disparage  a  general  college  education  to  men 
who  can  afford  it. 

But  the  age  limit  is  the  particular  point  which  I  am  interested  in 
bringing  out  in  this  letter  and  to  present  the  question.  Is  it  possi- 
ble for  boys  to  so  shape  their  course  that  they  will  get  an  equiva- 
lent of  two  or  three  years'  hard  work  in  the  business  which  they 
expect  to  pursue  before  completing  their  technical  education .? 
Or,  is  it  possible  by  shortening  courses  or  by  other  means  to 
get  them  out  of  college  by  the  time  they  are  nineteen  or  twenty 
at  the  most  and  get  them  at  work  at  that  time,  letting  them 
finish  up  some  branches  of  their  studies  later  on .''  I  think  it 
will  be  found  almost  the  rule  that  the  older  the  graduate  is  the 
more  difficult  it  is  to  get  anything  out  of  him  in  the  way  of 
development  when  he  takes  up  his  work.  There  is  a  tremendous 
difference  in  this  respect  between  the  man  of  twenty  or  twenty- 
one  and  the  man  of  twenty-five  or  twenty-six.  To  get  a  man  into 
a  technical  business  and  to  make  a  success  of  him,  I  think  the  next 
essentials  to  brains  and  ability,  are  youth  and  enthusiasm. 

Mr.  Eugene  B.  Clark  (by  letter) — The  paper  presented  this  even- 
ing deals  with  a  subject  of  vital  interest  to  the  electrical  profession, 
not  only  from  the  standpoint  of  the  worldly  success  of  each  mem- 
ber thereof,  but  also  from  the  standpoint  of  the  progress  of  the 
science  and  art  of  electrical  engineering.  Mr.  Damon  has  been  to 
much  pains  to  arrive  at  the  data  for  his  paper,  and  has  so  carefully 
and  thoroughly  assimilated  the  data  which  he  collected,  and  has 
presented  his  deductions  so  clearly,  that  it  seems  as  though,  really, 
there  is  very  little  which  remains  to  be  said  upon  the  subject.  It 
is  probably  true,  however,  that  we,  all  of  us,  are  interested  in  the 
question  of  the  education,  not  of  the  electrical  engineer  alone,  but 
of  his  brethren  in  the  allied   branches  as  well.     Were  statistics 
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gathered,  the  speaker  beheves  that  they  would  show  that  fully  50 
per  cent  of  the  young  men  who  educate  themselves  for  electrical 
engineers  eventually  leave  the  profession  to  enter  some  other  line 
of  work.  In  fact,  I  believe  that  33>^  per  cent  of  the  college 
graduates  in  electrical  engineering  fall  into  some  other  line  of  work 
within  two  years  after  graduation.  This  is  as  it  should  be,  because 
it  is  impossible  for  a  boy  entering  college  to  know  for  what  work 
he  is  best  suited.  He  frequently  selects  his  course  at  college  be- 
cause it  is  the  same  as  some  friend,  or  because  his  relatives,  being 
law)'ers,  tells  him  there  is  no  chance  for  a  young  man  in  the  law  ; 
or,  iDeing  doctors,  tell  him  there  is  no  chance  in  medicine;  or, being 
business  men,  tell  him  that  he  should  have  a  profession  by  all 
means.  Having  started  his  course,  in  entire  ignorance,  perhaps, 
as  to  what  it  really  means,  he  generally  completes  it  and  thereby 
gets  a  fair  start  towards  being  an  electrical  engineer  before  he  dis- 
covers the  meaning  of  that  term.  After  graduation,  he  may  have 
the  choice  of  five  cents  or  ten  cents  an  hour  with  some  large  com- 
pany, or  a  position  entirely  outside  of  the  electrical  profession  which 
will  pay  him  much  more  money.  If  he  chooses  the  latter  course, 
he  gives  up  his  electrical  work;  if  he  enters  the  employ  of  the 
electrical  company,  he  may  not  (in  fact,  I  may  say,  he  will  not) 
obtain  advancement  as  rapidly  as  he  believes  he  should,  and  he  ma}' 
take  an  apportunity  to  leave  his  electrical  work  and  take  up  some- 
thing else.  Even  if  he  spends  several  years  in  the  electrical  work, 
he  may  become  imbued  with  the  idea  that  frequently  occurs  to  all 
of  us,  to  the  effect:- that  the  other  man's  duties  are  easier  and  his 
prospects  brighter,  in  which  event  he  may  leave  the  electrical  pro- 
fession. 

It  is  to  our  interest  that  as  many  bright,  educated  and  enthusi- 
astic workers  are  enrolled  in  the  force  of  electricians  as  may  be  se- 
cured. Therefore,  we  are  interested  in  keeping  in  the  ranks  as 
many  as  possible  of  those  who  do  remain.  Of  course,  under  any 
condition,  many  will  fall  by  the  wayside,  but  this  is  mevitable. 

With  the  facts  in  mind,  it  is  evident  that  all  of  the  preliminary 
work  in  the  education  of  an  electrical  engineer,  or  for  that  matter, 
of  any  engineer,  should  be  made  interesting.  A  man  generally  ex- 
cels in  that  in  which  he  is  most  interested.  Most  boys  are  inter- 
ested in  handling  tools  and  in  experimenting  with  batteries,  bells  and 
motors.  In  other  words,  they  are  interested  in  the  practical  side 
of  electrical  work  far  more  than  the  theoretical  side.  We  appreci- 
ate thoroughly  that,  without  the  theoretical  side,  the  practical  train- 
ing is  of  relatively  small  value,  and  we  know  that  a  man's  educa- 
tion cannot  start  with  the  practical  and  end  with  the  theoretical. 
In  order  to  preserve  and  excite  the  interest  of  the  student,  the 
practical  and  theoretical  training  should  proceed  together.    College 
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courses  should  be  planned  with  this  end  in  view.  If  a  year's  prac- 
tical work  can  be  obtained  during  the  college  course,  so  much  the 
better.  If  the  student  has  the  strength  to  spend  his  summer  vaca- 
tions, or  a  portion  thereof,  in  practical  work,  it  will  be  of  inestima- 
ble value  to  him.  After  graduation,  if  he  pursues  unremittingly  his 
quest  for  theoretical  knowledge,  he  is  helped  on  his  road  to  success 
immeasurably.  The  large  electrical  companies  offer  much  assist- 
ance to  their  student  employes  in  their  efforts  to  continue  their 
technical  education,  and  the  tendency  to  such  assistance  is  increas- 
ing yearly. 

Prof.  Geo.  D.  SJiepardson  (by  letter) — The  Society  is  to  be  con- 
gratulated upon  receiving  a  paper  upon  so  important  a  subject, 
handled  in  so  thorough  a  way  by  one  so  well  qualified. 

The  subject  is  one  that  is  ever  fresh  with  educators,  and  one  that 
must  be  discussed  with  candor.  One  of  the  most  difficult  tasks 
that  meets  a  technical  professor  is  to  advise  young  men  as  to  the 
best  course  for  them  to  take.  There  is  no  course  that  exactly  fits 
every  case,  nor  is  it  desirable  that  all  should  obtain  the  same  pre- 
liminary training.  Comparatively  few  have  the  qualifications  for 
pursuing  a  course  at  a  technical  school  with  greatest  profit.  The 
tendency  is  to  make  the  engineering  courses  emphasize  the  funda- 
mentals more  and  more ;  to  give  the  students  more  thorough  train- 
ing in  the  general  principles  underlying  practice ;  to  train  them  to 
go  to  the  bottom  and  understand  thoroughly  the  fundamental  prin- 
ciples involved ;  to  train  them  to  analyze  a  problem  for  themselves 
and  find  a  correct  solution.  Mathematical  theory  is  given  more 
attention  as  the  basis  of  most  electrical  phenomena.  The  compli- 
cated phenomena  of  alternating  currents  and  the  more  complex 
telephone  currents  invite  high  skill  in  mathematics  for  even  a  qual- 
itative understanding,  while  their  quantitative  investigation  may  baf- 
fle even  the  most  proficient.  This  mathematical  study  is  carried 
on,  not  for  the  sake  of  the  mathematics  alone,  but  as  the  basis  for 
true  engineering.  The  work  of  the  school  should  be  fundamental, 
giving  the  student  a  thorough  grounding  in  underlying  principles, 
fastening  these  by  numerous  problems  from  commercial  practice, 
and  by  personal  experiments  in  the  laboratory.  In  the  four  years 
required  for  taking  a  technical  course,  there  is  so  much  funda- 
mental training  required  that  comparatively  little  place  remains 
for  manual  training.  The  main  emphasis  should  be  placed  upon 
thorough  training  in  the  fundamental  reasons  for  things.  This  is 
necessarily  so  permeated  with  mathematics,  that  a  young  man  has 
a  hard  prospect  ahead  unless  he  has  a  sound  preparatory  training 
in  mathematics.  If  he  is  not  familiar  with  the  mathematics  of  the 
high  school,  or  if  he  is  not  ready  to  secure  it,  he  cannot  ordinarily 
follow  or  even  enter  an  engineering  course  as  taught  in  the  best 
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technical  schools.  A  technical  instructor  therefore  frequently  has 
to  discourage  young  men  from  attempting  a  technical  course  when 
they  have  not  and  cannot  get  the  necessary  preliminary  training. 
The  majority  of  those  who  enter  such  a  course  fall  out  by  the  way, 
an  average  of  only  one-third  of  those  who  enter  as  freshmen  suc- 
ceeding in  graduating.  This  weeding  out  of  lazy  and  deficient  men 
leaves  only  the  cream  to  rise.  The  average  technical  graduate  is 
no  thermometer,  graduated  and  given  degrees  without  brains.  He 
has  taken  a  thorough  course  of  training,  has  been  given  a  strict  diet 
on  fundamental  theory.  He  has  had  only  enough  actual  experience 
in  the  laboratory  to  enable  the  average  student  to  thoroughly  digest 
the  theory ;  in  fact,  much  of  the  theory  will  remain  to  be  regurgi- 
tated and  possibly  masticated  and  assimilated  in  later  years. 

Students  should  be  urged  to  get  practical  experience  during  their 
vacations.  Whether  this  comes  in  the  factory,  in  the  station,  with 
a  construction  crew  or  in  a  machine  or  repair  shop,  will  depend 
largely  upon  local  circumstances.  I  would  gladly  see  the  factories 
open  their  doors  more  widely  to  the  students  for  vacation  work,  but 
in  the  nature  of  the  case  they  cannot  disturb  their  regular  work  to 
accommodate  transient  apprentices.  I  frequently  recommend  stu- 
dents to  stay  out  of  school  a  full  year,  v/hen  they  have  a  good  oppor- 
tunity to  9;'et  first-class  experience ;  in  some  cases  urge  them  to 
stay  out  if  the  experience  may  not  promise  so  much  from  an  elec- 
trical standpoint.  Such  an  experience  will  often  show  a  student 
that  electrical  engineering  is  not  what  he  fondly  hoped  it  would  be, 
and  it  may  turn  him  into  more  suitable  work.  A  good  man  is 
strengthened  by  such  practice,  and  my  experience  has  been  generally 
that  the  good  men  will  return  to  complete  their  technical  training, 
much  the  stronger  for  the  experience.  The  presence  of  these  re- 
turned students  with  their  minds  matured  by  the  practical  work  is 
of  much  benefit  to  their  fellow  students. 

We  are  not  troubled  with  difficulty  in  placing  graduates,  except 
the  difficulty  of  selecting  the  men  for  the  positions.  For  several 
years  past,  the  number  of  inquiries  for  good  men  has  exceeded  the 
output  several  fold.  There  is  difficulty  in  securing  opportunities 
for  under  classmen  to  get  experience  during  the  summer  vacation, 
although  the  majority  of  those  who  care  to  work  can  secure  jobs 
with  construction  crews  or  in  repair  shops. 

Our  work  is  largely  with  those  who  are  prepared  to  take  a  thor- 
ough technical  course.  The  frequent  inquiries  from  those  who  lack 
either  the  preparation  or  the  brains  neces.sary  for  such  a  course,  em- 
phasize the  need  for  first-class  trade  schools  which  will  give  the 
elements  of  sound  theory  with  a  larger  amount  of  shop  practice. 
There  seems  to  be  a  field  that  neither  the  universities  nt)r  the  cor- 
respondence schools  can  fill  with  entire  satisfaction. 
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CLOSURE. 

Mr.  Damon — The  lateness  of  the  hour  is  sufficient  excuse  to  be 
brief  in  closing.  I  thoroughly  appreciate  the  spirit  in  which  the 
paper  has  been  treated  this  evening,  and  wish  to  thank  those  who 
have  contributed  to  the  discussion  for  a  very  enjoyable  and  instruct- 
ive evening.  I  am  sure  that  all  of  us  feel  inspired  to  take  up  our 
duties  on  the  morrow  with  more  enthusiasm  and  with  a  resolution 
to  do  our  work  a  little  better  than  we  have  done  before. 

How  true  it  is  that  it  is  not  so  much  the  opportunity  that  makes 
for  success  as  being  ready  when  the  opportunity  comes,  and  I  know 
that  those  who  are  in  the  electrical  business  feel  that  the  oppor- 
tunities are  all  about  us.  In  this  connection,  I  am  reminded  of  the 
legend  told  so  many  times  by  Russell  Connell,  entitled  "  Acres  of 
Diamonds."  You  will  remember  that  the  story  tells  of  a  man  who 
had  become  tired  earning  his  living  by  farming,  and  in  an  effort  to 
get  rich  quickly,  sold  out  his  lands  and  buildings  and  started  out  in 
search  of  a  diamond  mine.  Years  went  by,  and  about  the  time  he 
had  spent  the  last  of  his  money,  the  man  who  bought  the  farm, 
while  plowing  one  day,  turned  up  a  peculiar  looking  stone  which 
attracted  his  attention.  Upon  closer  examination  it  proved  to  be 
a  diamond,  and  it  soon  developed  that  the  farm  which  had  been 
sold  was  really  a  diamond  mine  all  the  while.  If  the  original  owner 
had  only  stayed  upon  the  farm,  attending  to  the  duties  right  at  his 
hand,  it  would  only  have  been  a  matter  of  time  before  he  would 
have  been  the  possesssr  of  all  he  desired . 

May  we  not  apply  the  moral  of  this  legend  to  the  Electrical  busi- 
ness in  Chicago  t  I  thoroughly  believe  that  the  opportunities  in 
this  country,  and  particularly  in  Chicago,  are  as  good  as  can  be  found 
anywhere,  and  that  if  we  dig  deep  enough  right  where  we  are,  we 
will  attain  our  full  measure  of  success. 
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CIRCULAR  No.  2.* 

The  list  of  subjects  for  discussion  at  the  (Congress,  published  Februarj'  ist, 
1904,  has  been  amended  as  follows; 

Change  title  of  subject  No.  32  to  read, 
32.   Mining: 

a.  Surveying  ; 

b.  Hoisting  ; 

c.  Ventilation. 

Add  the  following  subjects  : 

34.  Gas  Engines. 

35.  Surveying. 

36.  Ocean  Hydrography. 

37.  Wharves  and  Piers. 

Papers  from  the  standpoint  of  American  Practice  have  already  been  assured 
on  the  various  subjects  as  follows  : 

H.-^RBORs,  Natural  W.aterways,  Artificial  Waterways  and  Fortifications  : 

By  Officers  of  the  Corps  of  Engineers,  U.  S.  A. 
Lighthouses  and  Other  Aids  to  Navig.\tion  : 

By  Officers  of  the  Lighthouse  Board,  U.  S.  A. 
Ordnance : 

By  Officers  of  the  Ordnance  Department,  U.  S.  A. 
Surveying  : 

By  officers  of  the  U.  S.  Coast  and  Geodetic  Survey. 
Naval  Architecture  : 

By  Rear  Admiral  W.  L.  Capps,  Chief  Constructor,  U.  S.  N. 

Dry  Docks  :  • 

By  Rear  Admiral  M.  T.  Endicott,  Chief  of  Bureau  of  Yards  and  Docks, 
U.  S.  N. 
Traffic  on  Improved  Waterways,  etc. : 

By  Edward  P.  North,  New  York  City. 
Purification  of  Water  for  Domestic  Use  : 

By  Allen  Hazkn,  New  York  City  : 
Purification  of  Water  for  the  Production  of  Steam  : 

By  J.  O.  Handy,  Pittsburg,  Pa. 

Turbines  and  Water  Wheels  ; 

By  Professor  Gardner  S.  Williams,  Ithaca,  N.  Y. 

Irrigation  : 

By  Elwood  Mead,  Chf.  Irrigation  Investigations,  Washington,  D.  C. 


I 


*The  preliminary  announcement  (Circular  No.  i)  was  printed  in  the  Journal 
for  February,  1904,  vol.  ix,  page  91. 
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Railroad  Terminals  : 

By  Elmer  L.  Corthell,  New  York  City. 
Underground  Railways  : 

By  William  Barclay  Parsons,  New  York  City. 
Locomotives  and  Other  Rolling  Stock  : 

By  George  Gibbs,  New  York  City. 
Live  Loads  for  Railroad  Bridges  : 

By  Henry  W.  Hodge,  New  York  City. 
The  Substitution  of  Electricity  for  Steam  as  a  Motive  Power  : 

By  James  G.  White,  New  York  City. 
Sewage  Disposal  . 

By  George  W.  Fuller,  New  York  City. 
Disposal  of  Municipal  Refuse  : 

By  Rudolph  Hering,  New  York  City. 
Ventilation  of  Tunnels  : 

By  Charles  S.  Churchill,  Chief  Engineer,  Norfolk  and  Western  R.  R., 
Roanoke,  Va. 
Highways  ; 

By  James  Owen,  Newark,  N.  J.,  and  William  E.  McClintock,  Boston, 
Mass. 
Concrete  and  Concrete-Steel  : 

By  Edwin  Thacher,  New  York  City. 
Deep  Foundations  : 

By  John  F.  O'Rourke,  New  York  City. 
The  Manufacture  of  Steel  : 

By  William  Metcalf,  Pittsburg,  Pa. 
Tests  of  Materials  of  Construction  : 

By  William  R.  Webster,  Philadelphia,  Pa. 
Passenger  Elevators : 

By  Thomas  E.  Brown,  New  York  City. 
Pumping  Machinery  : 

By  Irving  H.  Reynolds,  Youngstown,  Ohio. 
Dredges  :  Their  Construction  and  Performance  : 

By  A.  W.   Robinson,   Montreal,  Canada,   and  F.  B.   Maltby,    Memphis, 
Tenn. 
Electrical  Power — Generating  Stations  and  Transmission  : 

By  L.  B.  Stillwell,  New  York  City. 
Engineering  Education  : 

By  Professor  Robert  Fletcher,  Hanover,  N.  H.,  and  Professor  Cal\'in 
M.  Woodward,  St.  Louis,  Mo. 
Wharves  and  Piers  : 

By  John  A.  Bensel,  New  York  City. 

Advices  recently  received  indicate  much  interest  in  the  Congress  in  Europe, 
and  many  papers  from  England,  France,  Holland  and  other  foreign  countries  seem 
to  be  assured. 

CHAS.  WARREN  HUNT, 

Secretary  of  Committee. 
220  West  57TH  Street, 

New  York,  March  12,  1904. 
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The  American  Society  of  Mechanical  Engineers. 

The  spring  meeting  for  this  year  of  the  American  Society  of  Mechanical  Engi- 
neers will  be  held  in  Chicago  Mav  31st  to  June  3d,  inclusive. 

The  Institution  of  Mechanical  Engineers  (of  Great  Britain)  will  also  be  here 
in  joint  session  with  the  A.  S.  M.  E, 

The  headquarters  of  the  Society  will  be  at  the  Auditorium,  where  also  the 
morning  sessions  of  the  convention  will  be  held.  The  evening  sessions  will  be 
held  in  the  Music  Hall,  Fine  Arts  Building,  adjacent  to  the  Auditorium.  The 
members  of  the  Foreign  Institution  will  present  papers  at  this  Chicago  meeting  on 
the  Steam  Turbine,  Gas  Engine,  Motor  Cars,  Hydraulic  and  Electric  Cranes,  In- 
duction Fans  and  Garbage  Destructors.  Papers  will  probably  be  presented  show- 
ing American  practice  on  similar  subjects,  but  also  including  the  power  plant  of 
the  Tall  Office  Buildings,  Locomotive  Testing  Plants,  Shop  Management,  Modern 
Machine  Tools,  etc. 

The  local  committees  are  preparing  a  program  and  arranging  for  an  interest- 
ing series  of  meetings  and  trips  to  points  of  interest  in  and  around  Chicago,  as 
well  as  sundry  social  functions. 

The  local  executive  committee,  composed  of  the  Chairmen  of  the  several  local 
committees  having  these  matters  in  hand,  is  as  follows  : 

Mr.  Louis  Mohr,  32  Illinois  St Finance. 

Mr.  G.  M.  Brill,  1134  Marquette  Building.  ...Entertainment  and  Excursion. 

Mr.  W.  L.  Abbott,  139  Adams  St Hotels  and  Reception. 

Mr.  F.  W.  L.\ne,  1660  Monadnock-  Block Printing. 

Mr.  W.  H.  V.  Rosing,  i  Park  Row Transportation. 

Prof.  P.  M.  Chamberlain,  Lewis  Institute Meetings. 

Capt.  R.  W.  Hunt,  ii 2 i  Rookery Chairman,  Executive  Committee. 


American  Institute  of  Electrical  Engineers, 

A  convention  of  the  American  Institute  of  Electrical  Engineers,  under  the 
auspices  of  the  Transmission  Committee,  Ralph  D.  Mershon,  Chairman,  will 
be  held  in  Chicago,  June  21st  and  22d,  1904,  to  consider  the  general  subject  of 
High  Potential  Transmission  of  Electrical  Power.  The  programme  thus  far  made 
up  will  include  discussion  of  the  following  subjects  ; 

1.  Steel  vs.  Wooden  Insulator  Pins. 

2.  Line  Construction  with  Steel  Supporting  Structures  and  Long  Spans. 

3.  Bare  vs.  Insulated  Conductors  for  Inside  High  Tension  Wiring. 

4.  Lightning  Protection  for  High  Tension  Lines. 

5.  Protection  of  Cables  from  Arcs  Due  to  Failure  of  Adjacent  Cables. 

6.  Conditions  for  Continuous  Service  Over  Lines  Operated  in  Parallel. 

7.  Report  of  the  Transmission  Committee  on  Data  Collected  Relative  to 
Transmission  Plants. 

It  is  expected  that  the  leading  Electrical  Engineers  in  the  country  interested 
in  these  matters  will  be  in  attendance. 

*The  meetings  of  the  convention  will  beheld  in  the  rooms  of  the  Western 
Society  of  Engineers,  Monadnock  block,  Chicago. 

J.\MKs  Lyman, 
Chairman  Local  Committee. 

•The  date  of  the  convention  being  the  same  as  that  of  the  National  RepiiWican  convention, 
round  trip  tickets  to  Chicago  can  be  secured  for  one  fare,  phis  25  cents. 
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ABSTRACT  OF  MINUTES  OF  THE  SOCIETY. 

REGULAR  MEETING,  March  2,  IQ04. 

A  regular  meeting  of  the  Society  (No.  516)  was  held  in  its  rooms  March  2. 

The  meeting  was  called  to  order  at  about  8:20  p.  m.  with  President  Parkhurst  in 
the  chair  and  about  50  members  and  guests  present. 

The  Secretary  read  the  minutes  of  the  regular  meeting  of  February  3,  and  of  the 
extra  meeting  of  February  17. 

The  Secretary  reported,  on  behalf  of  the  Board  of  Direction,  that  the  following 
persons  had  been  elected  into  membership  in  the  W.  S.  E.  under  their  respective 
grades : 

Arthur  B.  Crozier,  Chicago,  Active. 

Fred.  L.  Hartigan,  Chicago,  Active. 

Harry  M.  Trippe,  Chicago,  Active. 

George  Loughnane,  Mason  City,  Iowa,  Active. 

Harry  H.  Ross,  Cleveland,  Ohio,  Junior  to  Active. 

Emmons  Collins,  Chicago,  Active. 

Wm.  J.  Vanderkloot,  Chicago,  Junior. 

M.  A.  Vanderkloot,  Chicago,  Associate. 

Harry  B.  Merriam,  Dubuque,  Iowa,  Active. 

Edward  A.  Renwick,  Chicago,  Active. 

Wm.  A.  Converse,  Chicago,  Active. 

Curtis  C.  Saner,  Chicago,   Junior. 

Also  that  the  following  new  applications  had  been  received : 

B.  F.  AfHeck,  Chicago,  Associate. 

Henry  M.  Byllesby,  Chicago,  Active. 

Otto  E.  Osthoff,  Chicago,  Active. 

Arthur  S.  Huey,  Chicago,  Associate. 

Arthur  M.  Morgan,  Chicago,  Active. 

Phillip  B.  Woodworth,  Chicago,  Active. 

William  B.  Hale,  Chicago,  Active. 

William  E.  Reynolds,  Chicago,  Active. 

Samuel  A.  Rhodes,  Chicago,  Active. 

Myron  M.  Fowler,  Chicago. 

Albert  Scheible,  Chicago. 

Albert  L.  Tucker,  Chicago,  Active. 

Hardy  P.  Kieffer,  Chicago,  Associate. 

James  R.  Cravath,  Chicago. 

Horace  G.  Dimick,  Chicago,  Active. 

Fred.  A.  Rogers,  Chicago,  Active. 

James  G.  Wray,  Chicago,  Active. 

Harold  Almert,  Chicago,  Active. 

The  Secretary  reported,  from  the  Board  of  Direction,  the  following  petition  for 
an  Electrical  Section,  and  the  action  of  the  Board  on  the  same : 
'■'■To  the  Board  of  Directors,  Western  Society  of  Engijieers,  Chicago: 

"Gentlemen — The  undersigned  active  members  of  the  Society  respectfully 
petition  for  the  creation  of  a  section  of  the  Society,  to  be  known  as  the  Electrical 
.Section,  the  object  of  which  shall  be  the  more  complete  study  of  matters  pertaining 
to  electrical  engineering,  with  the  presentation  of  papers  and  the  discussion  of  sub- 
jects of  interest  to  us  in  electrical  science.  It  is  our  desire  to  hold  meetings  of  the 
section  for  the  above  purpose  generally  on  the  second  and  fourth  Fridays  of  the 
months,  or  as  may  hereafter  be  decided  upon." 

The  petition  was  signed  by: 
W.  L.  Abbott,  George  A.  Damon,  Samuel  F.  Nichols, 

F.  B.  Badt,  P.  Junkersfeld,  Charles  A.  Pratt, 

W.  D.  Ball,  George  M.  Mayer,  Ernest  F.  Smith, 

H.  M.  Brinckerhoff,  Richard  McCulloch,  G.  B.  Springer. 

W.  G.  Carlton,  George  P.  Nichols, 

Mr.  Abbott  offered  the  following  re.solutions  : 

"Whereas,  On  March  i,  1904,  a  petition  was  submitted  by  fourteen  active  mem- 
bers of  the  .Society,  in  good  standing,  asking  for  the  formation  of  an  Electrical  Sec- 
tion, Be  it 
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"Resolved,  That  this  Board  of  Direction  authorize  the  formation  of  such  a  sec- 
tion, in  accordance  with  Article  \'II  of  the  by-laws;  and  be  it  further 

"AV.v <'/:■(■</,  That  the  said  Electrical  Section  be  required  to  perfect  its  organiza- 
tion and  submit  to  this  Board  of  Direction  within  three  months  from  this  date,  for 
approval,  a  copy  of  the  rules  and  regulations  for  the  conduct  of  its  business" — 

Which  were  adopted. 

On  behalf  of  the  committee  appointed  to  investigate  the  placing  a  Standard  of 
Length  in  Chicago,  the  Secretary  reported  progress. 

Mr.  Sweeney  then  presented  his  paper  on  "The  Use  of  Pulverized  Coal  under 
Steam  Boilers."  Discussion  followed  from  Messrs.  Parkhurst,  Stroud,  Schaefer, 
C.  E.  Sargent,  Massa,  W.  L.  Abbott,  Neville,  Mayer,  DeWolfe,  C.  D.  Stephens,  and 
Sweeney.     The  meeting  adjourned  about  10:20  p.  M. 

EXTRA  MEETING,  March  16,  igo4. 

An  extra  meeting  of  the  Society  (No.  517)  was  held  in  its  rooms  Wednesday 
evening,  March   16. 

The  meeting  was  called  to  order  at  8:20  v.  m.  with  President  Parkhurst  in  the 
chair  and  about  40  members  and  guests  present. 

Mr.  Geo.  N.  Linday  abstracted  his  paper  on  "Effect  on  Trusses  and  Plate  Gir- 
ders due  to  Imperfect  Roller  support,"  which  had  been  printed  and  sent  out  in 
advance  to  the  members. 

Mr.  Josiah  (Jibson  read  his  paper  on  "Railway  Bridge  Calculation  by  End  Shear 
Table."     This  had  also  been  printed  and  sent  out  in  advance. 

Discussion  followed  from  Messrs.  Parkhurst,  Garrett  Davis,  Gibson,  Linday, 
Schaub,  and  Modjeski.     The  meeting  adjourned  about  9:30  p.  m. 


EXTRA  MEETING.  March  30,   iqo4. 

An  e.xtra  meeting  (No.  519)  was  held  in  the  Societyrooms  March  30, 1904.  The 
meeting  was  called  to  order  at  about  8:20  p.  m.  with  Vice-President  Hotchkiss  in  the 
chair  and  about  60  members  and  guests  present.  Mr.  H.  Weiderhold,  of  Philadel- 
phia, was  introduced,  who  addressed  the  Society  on  "Asphalt  and  its  Use  in  the  In- 
dustrial Arts.'"     Discussion  followed  from  Messrs.  Benezette  Williams  and  Finley. 

The  entertainment  committee  offered  a  light  lunch  at  the  close  of  the  meeting, 
which  adjourned  about  10:30  p.m.  J.  H.  Warder,  Secretary. 


ELECTRICAL  SECTION. 

FIRST  MEETING,  March  iS,  iqo4. 
The  first  meeting  of  the  Electrical  Section,  formed  on  petition  from  fourteen  mem- 
bers of  the  Society,  and  intended  for  those  particularly  interested  in  electrical  science, 
and  to  be  largely  built  up  from  the  members  of  the  Chicago  Electrical  .\ssociation, 
who  have  applied  for  membership  in  the  Society,  was  held  on  Friday  evening,  March 
;8,  1904.  This  is  meeting  No.  51S  of  the  Western  Society  of  Engineers,  and  was 
well  attended,  there  being  about  180  present,  of  the  members  of  the  Society  and 
their  friends. 

President  Parkhurst  opened  the  meeting,  and  was  responded  to  by  Mr.  W.  B. 
Hale,  formerly  president  of  the  Chicago  Electrical  Association,  and  now  chairman 
of  the  Electrical  Section. 

Mr.  Hale  introduced  Mr.  Geo.  A.  Damon,  M.  W.  S.  Y.  ,  who  presented  his  paper 
on  "The  Opportunities  in  the  Fllectrical  Business,"  and  which  was  discussed  by 
Messrs.  Woodworth,  Freeman,  McBerty,  McMeen,  Perrine,  Warner,  Tucker,  Junkers- 
feld,  Sessions,  Miller,  Lavers,  Schuchardt,  Marshall,  Mabbs,  and  Almert.  This 
paper  and  the  discussion  is  printed  elsewhere  in  this  number  of  the  JoURN.\i.. 

Mr.  Parkhurst's  opening  address  is  as  follows : 

It  is  my  privilege  to  welcome  you  to  this,  the  first  meeting  of  the  Electrical  Sec- 
tion of  the  Western  Society  of  Engineers. 

As  you  are  aware,  this  section  has  been  formed  largely  from  the  members  of  the 
Chicago  Electrical  A.ssociation,  who  are  not  strangeis  to  these  rooms.  They  have 
had  headquarters  here  for  some  time,  and  the  thought  of  affiliation  has  undoubtedly 
been  frequently  presented.     About  three  months  ago  a  formal  petition  was  received 
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from  the  Chicago  Electrical  Association,  addressed  to  the  Board  of  Direction  of  the 
Western  Society  of  Engineers,  requesting  that  such  a  union  might  be  effected.  The 
matter  was  discussed  by  the  Board  of  Direction,  and  met  with  great  heartiness  in 
favor  of  a  consolidation.  The  necessary  changes  in  the  Constitution  and  By-laws,  to 
permit  the  formation  of  sections  of  this  nature,  were  made  in  the  usual  order  of 
handling  such  work.  The  result  has  been  that  up  to  the  present  some  twenty-five  or 
thirty  of  the  members  of  the  Chicago  Electrical  Association,  who  were  not  before 
this  time  members  of  the  Western  Society  of  Engineers,  have  signified  their  desire 
to  become  members  of  the  Electrical  Section — partially  formed  but  not  fully  organ- 
ized under  the  provision  of  the  by-laws,  which  provide  that  this  Section  may  have  its 
own  meetings,  its  own  rules  for  the  conduct  of  the  organization,  its  own  chairman, 
with  other  minor  officers,  and  may  conduct  itself,  within  reasonable  bounds,  as  an 
independent  section,  at  the  same  time  being  under  the  direction  of  the  parent  society, 
and  being  in  touch  with  it  in  all  essential  points.  If  the  organization  has  not  yet 
been  entirely  perfected,  it  is  a  matter  of  but  a  small  amount  of  detail  to  complete  it, 
and  the  Section  should  be  in  perfect  working  order  within  a  very  short  time.  Our 
by-laws  have  provision  in  this  respect,  with  which  I  believe  you  are  all  familiar,  as 
they  have  been  quoted  in  the  various  circulars,  and  I  will  not,  therefore,  discuss  them 
any  more  in  detail. 

In  behalf  of  the  older  members  of  the  Western  Society  of  Engineers,  I  will  say 
that  we  believe  there  is  room  in  our  quarters,  in  our  library,  and  in  all  our  work,  for 
this  addition,  and  that  the  union  of  the  two  societies  should  give  to  both  an  increased 
strength  and  power  which  may  be  felt  in  the  community. 

I  have  the  pleasure  of  calling  upon  the  Chairman  of  the  Section,  Mr.  W.  B.  Hale, 
who  will  take  charge  of  the  meeting  for  the  remainder  of  the  evening. 

Mr.  Hale  replied  as  follows : 
Members  of  the  Electrical  Section  of  the  Western  Society  of  Engineers  : 

Mr.  Parkhurst  has  so  ably  set  forth  the  formation  of  the  Electrical  Section,  its 
organization,  and  its  relation  to  the  parent  society,  that  there  is  very  little  left  for  me 
to  say.  I  shall,  however,  make  a  few  remarks  in  regard  to  what  we  hope  to  accom- 
plish in  the  future. 

There  seems  to  be  an  opportunity  in  Chicago  for  an  electrical  organization  of  a 
strictly  local  character;  one  that  will  devote  its  energies  and  activities  largely  to  local 
interests.  The  Chicago  branch  of  the  American  Institute  of  Electrical  Engineers  is 
discussing  very  ably,  and  with  great  benefit  to  the  whole  country,  questions  of  national 
importance,  but  not  very  often  qu,estions  of  local  interest.  Now  that  the  Chicago 
Electrical  Association  has  affiliated  with  the  Western  Society  of  Engineers  we  have  a 
chance  to  do  a  great  deal  more  than  in  the  past.  We  hope  to  make  the  Electrical 
Section  the  leading  electrical  society  of  the  middle  west,  and  of  great  value  and  use- 
fulness to  all  electrical  engineers.  In  order  to  do  this  we  will  need  assistance,  and  I 
would  like  to  say  to  the  visitors  present  that  we  need  your  help,  and  we  hope  you  will 
give  it  by  joining  the  Electrical  Section  and  taking  an  active  part  in  its  proceedings. 

The  best  chairman  for  an  occasion  of  this  kind  is  one  who  says  the  least,  and  I 
shall  therefore  make  no  further  remarks  on  the  subject  of  the  Electrical  Section.  At 
the  close  of  the  meeting  the  Secretary  will  be  pleased  to  furnish  any  additional 
information  that  may  be  desired. 

We  have  met  this  evening  to  consider  and  discuss  "The  Opportunities  in  the 
Electrical  Business,"  by  Mr.  George  A.  Damon.  We  are  all  interested  in  this  sub- 
ject— the  manufacturer  and  the  employee,  the  undergraduate,  the  youngman  entering 
the  electrical  business,  and  many  others.    To  these  it  is  a  matter  of  great  importance. 

And  for  those  of  us  who  are  well  established  in  business  it  is  not  too  late  to 
mend.  We  might  want  to  adopt  a  new  profession.  Mr.  Damon,  on  account  of  his 
position  as  managing  engineer  of  the  Arnold  Electric  Power  Station  Company,  and 
his  connection  with  different  societies,  among  them  being  the  American  Institute  of 
P21ectrical  P^ngineers  and  Western  Society  of  Engineers,  giving  him  a  wide  acquaint 
ance  in  the  electrical  field,  has  been  able  to  obtain  some  very  valuable  information, 
all  of  which  has  not  been  incorporated  in  his  paper. 

I  have  now  the  pleasure  of  asking  Mr.  Damon  to  present  his  paper  before  you 
this  evening. 

The  meeting  was  a  very  interesting  one,  and  did  not  adjourn  until  nearly  ir  p.m. 

J.   II.  Warder,  Secretary, 


LIBRARY  NOTES. 

The  Library  Committee  wishes  to  express  thanks  for  donations 
to  the  Hbrary.  Back  numbers  of  periodicals  arc  desirable  for  ex- 
change and  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  I'ebruary,  1904,  we  have 
the  pleasure  to  report  the  following  additions  to  the  library  and 
gifts  from  donors  named  : 

MISCELLANEOUS  GIFTS. 

Jackson,  deo.  W.,  M.  W.  S.  E.,  Report  on  a  High  Pressure  Water  System  to  the 
Commission  on  High  Pressure  Water  Systems  for  the  City  of 
Chicago,  1904.     Pamphlet. 

Kowe,  Samuel  M,,  M.  W.  S.  E.,  "  Preservation  of  Timber,"  by  S.  M.  Rowe,  revised 
edition,  1904.     Morocco. 

Seafert,  Wm.,  Associate  M.  W.  S.  E.,  "Architects  and  Engineers  Handbook  of  Rein- 
forced Concrete  Constructions."     L.  J.  Mensch.     Pam. 

Chanute,  O.,  M.  W.  S.  E.,  "  Aerial  Navigation,"  by  O.  Chanute.     March,  1904.     Pam. 

Morison,  Robert  S., Cambridge,  Mass.,  "The  New  Epoch,"  by  Geo.  S.  Morison.    1903. 

Tratman,  E.  E.  Russell,  M.  W.  S.  E.,  "  Drainage  of  Farm  Lands,"  by  C.  G.  Elliott. 
Pamphlet. 
"  A  Dual  or  Light  and  Heavy  Gauge  Railway  System  for  India." 

Pamphlet. 
"The  Greatest  Economic  Improvement  in  Railways."     Pam. 

De  Wolfe,  E.  C,  M.  W.  S.  E.,  March  number,  "Electrical  Mining,"  Vol.  i.  No.  i,  1904. 

Marston,  Prof.  A.,  M.  W.  S.  E.,  Civil  Engineering  Dept.,  Iowa  State  College,  "  Drain- 
age Engineering  in  Iowa."     Pamphlets. 

Hammond,  Alonzo  J.,  2d  annual  message  of  Mayor  of  South  Bend,  Ind.     Jan.,  1904. 

Plreproof  Publishing  Co.,  New  York,  2  pamphlets,  "  Fireproof,"  January  and  Febru- 
ary, 1904. 

Commonwealth  of  Massachusetts,  "  Report  of  Charles  River  Basin  Commission,  Oct. 

1,  1903." 

"Camp  and  Plant,"  Denver,  Colo.,  3  pamphlets.  Vol.  V.,  No.  6,  Feb.  20,  1904. 

Pierce,  Richardson  &  Neiler,  Chicago,  16  pamphlets,  "  Science."     1903. 

Peabody  Coal  Co.,  Chicago,  i  cloth  bound  volume,  "  Economical  Burning  of  Coal 

without  Smoke,  with  especial  reference  to  the  use  of  Washed 

Coal,"  by  A.  Bement. 
John  Crerar  Library,  Chicago,  "  List  of  Books  on  Industrial  Arts."    Oct.,  1903.    Pam. 
Commissioner  of  Water  Works,  Cincinnati,  Annual  Report,  Board  of  Trustees,  1903. 
Brookline,  Mass.,  Water  Board,  Report  for  1903. 

Colby,  Albert  Ladd,  "  Non-corrosive  Nickel  Steel  Boiler  Tubes,"  Nov.  19,  1903. 
City  of  Chicago,  Law  Department,  "Report  of  J.  F.  Smulski,  City  Attorney,"  Dec. 

31,  1903. 
Greely,  S.  S.,  "The  Public  Lands  Exception,"  March,  1904. 
American  School  of  Correspondence,  Armour  Institute  of  Technology,  Bulletin  No. 

2,  1904. 

Connecticut  Bureau  of  Labor  Statistics,  8  vols.,  cloth — 4th,  6th,  nth,  12th,  13th,  15th. 

ibth  and  19th  annual  reports — 1888-1903. 
Civil  Engineers'  Club  of  Cleveland,  List  of  Officers  and  Members,  1904. 
Purdue  University,  Bulletin  No.  4,  Annual  Catalogue,  1903-4.     Pam. 
Chicago  Historical  Society,  Cataloge  1903-4. 
DePauw  University,  Greencastle,  Ind.     "Addresses  delivered  on  Inauguration  Day, 

December,  1903."     Pam. 
New  Jersey  Sanitary  Association,  Proceedings,  29th  annual  meeting,  1903. 
John  Wiley  «&  Sons,  New  York,  Alternating  Currents,  their  Generation,  Distribution 

and  Utilization,  by  Hanchett.  1904.  Cloth. 
Massachusetts  Railroad  Commissioners,  35th  annual  report.  1904. 
Dept.  of  Commerce  and  Labor,  Bureau  of  the  Census — Bulletin  No.  7,  Estimates  of 

Population  of  the  larger  C'ities  of  the  United  States,  1 901 -1902- 

1903. 
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GOVERNMENT  PUBLICATIONS. 

U.  S.  Geological  Survey,  Dept.  of  Interior,  Washington,  D.  C. 

Production  of  Iron  Ores  in  1902.     Birkinbine.      Pamphlet. 
"  "    Coal  in  1902.     E.  W.  Parker.  " 

"  "    Natural  Gas  in  1902.      Pamphlet. 

"  "    Petroleum  in  1902.     Oliphant.     Pamphlet. 

"  ''    Gold  and  Silver  in  1902.     Roberts.     Pamphlet. 

"  '•    Mica  in  1902.     Holmes.     Pamphlet. 

"  "    Manganese  Ores  in  1902.     Birkinbine.     Pam. 

The  Stone  Industry  in  1902.     Pamphlet. 

Bulletin  No.  208,  Nevada,  South  of  the  Fortieth  Parallel,  and  adja- 
cent positions  of  California.     Spurr.     1903.     Pamphlet. 

Bulletin  No.  21S,  The  Coal  Resources  of  the  \'ukon,  Alaska.    Col- 
lier.    1903.     Pamphlet. 

Bulletin  No.  219,  Ore  Deposits  of  Tonopah,  Nevada.    Spurr.  1903. 
Pamphlet. 

Bulletin  No.  220,  Mineral  Analyses  from  Laboratories  of  the  U.  S. 
Geol.  Survey,  1880  to  1903.     Clarke.     Pamphlet. 

Bulletin  No.   221,   Biography  and  Index  of  North  America,  Geol. 
Paleontology,    Petrology,  Mineralogy.     1902.     Weeks.     Pam. 

Bulletin  No.  222,  Publications  of  Hayden,  King,  Powell  &  Wheeler 
Survey,  by  Schmeckebier.     1904. 

Catalogue  and  Index.     Pamphlet. 
Monographs,  Vol.  XLVI,  Menominee  Iron  Bearing  District  of  Michigan.     By  Bayley. 

1904.     Cloth  bound. 
24th  Annual  Report  of  the  Director  of  the  U.  S.  Geol.  Survey  to  the  Secretary  of  the 

Interior.     1902-1903.     Cloth  bound. 
U.  S.  Coast  and  Geodetic  Survey,  Washington,  Report  of  Superintendent,  showing 
Progress  of  Work.    July  i,  1902  to  June  30, 1903.    Cloth  bound. 

EXCHANGES. 

American  Electrochemical  Society,  Philadelphia.     Officers  and  Directory  of  Members, 

February,    1904.      Pamphlet. 
Western  Railway  Club,   James  J.  Taylor,  Secretary,  2  vols.,  cloth — Proceedings  of 

Club,  1901-1903. 
University  of  Montana,  M.  J.  Elrod,  3  pamphlets. 

"  Summer  Birds  of  P'lathead  Lake,  Additional  Notes." 
"President's  Report,  1902-1903." 
Association  of  Railway  Supts.   of  Bridges  and  Buildings,  Proceedings,  13th  annual 

convention.  October,  1903.     Pam. 
American  Institute  of  Mining  Engineers,  Transactions  for  1902,  Vol.  33. 
University  of  Texas  Mineral   Survey,  Bulletin   No.  7,   "Report  of  the    Progress  for 

the  year  1903." 
New  Hampshire  College  Agricultural  Experiment  Station,  Bulletins  105,  106  and  107, 

January  and  February,  1904.     3  pamphlets. 
Iowa  Engineering  Society,  Proceedings  15th  annual  meeting,  Jan.,  1903. 
Engineers'  Society  of  Western  New  York,  Membership  List,  March,  1904. 
Institution  of  Engineers  and  Shipbuilders  in  Scotland. 

List  of  Members  and  .Students,  1903-4. 
II  vols.,  cloth  bound.  Proceedings  1893-1903,  Vols.  36-46. 
American  Ry.  Engineering  &  Maintenance  of  Way  Association,  Bulletin  No.  49. 

TRADE  CATALOGUES. 

The  Trump  Mfg.  Co.,  Springfield,  O.,  "High  (irade  Turbines."     Pamphlet. 

E.  H.  Stroud  &  Co.,  Chicago,  "Cyclone  Powdered  Coal  Burning  System." 

American  Track  Supply  Co.,  Chicago,  "Track  Economy,"  1904. 

The  Roebling  Construction  Co.,  Chicago,  "The  Baltimore  Fire,  and  the  Iroquois 
Theatre  Fire." 

Eugene  Dietzgen  &  Co.,  Chicago,  Catalogue  1904-5,  Drawing  Materials  and  Survey- 
ing Instruments. 


BOOK  NOTES. 

The  Design  of  Steel  Mill  Buildings,  and  the  Calculation  of   Stresses  in  Framed 

Structures,  by  Milo  S.  Ketchum,  C.  E.,  Assistant  Professor  of  Civil  Engineering, 

University  of  Illinois.     Engineering  News,  New  York.      1903.     Cloth,  6x9  in., 

pp.   567.  '  $4.00. 

In  bringing  out  this  volume  the  author  has  shown  his  need  in  the  class  room  of 
a  practical  treatise  on  the  designing  of  steel  structures,  and  his  de.sire  to  put  his  stu- 
dents in  touch  with  the  broader  practice  of  design,  rather  than  to  confine  them  to 
theory  and  the  solution  of  theoretical  problems. 

It  is  a  sign  of  real  progress  when  our  universities  call  to  their  teaching  forces, 
men  who  have  gone  out  into  the  practical  field  and  who  have  been  brought  in  contact 
with  problems  of  design  and  construction  from  a  commercial  standpoint,  and  are  thus 
able  to  fully  appreciate  the  position  of  the  young  engineer  at  the  beginning  of  his 
career,  handicapped  with  a  surfeit  of  theory,  but  with  no  adequate  knowledge  as  to 
the  best  means  of  applying  it. 

The  work  being  primarily  intended  as  a  text  book,  is  divided  as  to  topics  in  the 
logical  manner  in  which  the  student  of  the  subject  is  expected  to  develop;  Part  I 
dealing  with  loads.  Part  II  with  stresses,  and  Part  III  with  design  of  structures  to  re- 
sist them. 

In  Part  I  the  author  gives  a  new  empirical  formula  for  approximating  the  dead 
load  of  roof  trusses,  deduced  from  actual  shipping  weights  of  mill  building  trusses. 

The  various  kinds  of  loads  are  fully  treated  in  separate  chapters. 

In  Part  II  are  given  both  analytical  and  graphical  methods  of  determining  mo- 
ments, in  such  a  manner  that  one  is  at  once  impressed  with  the  author's  preference 
for  the  latter  method. 

His  graphic  solution  of  the  transverse  bent  is  a  distinct  addition  to  engineering 
knowledge,  and  deserves  the  careful  attention  of  every  designer  of  frame  structures 
for  its  concise  treatment  of  a  complicated  problem. 

Another  much  neglected  subject,  that  of  eccentric  riveted  connections,  is  treated 
in  a  chapter  on  combined  and  eccentric  stresses,  but  is  not  given  the  attention  v/hich 
it  really  deserves. 

It  is  in  Part  III  that  the  author's  best  work  is  found,  and  a  perusal  of  this  part 
would  be  to  the  advantage  of  any  engineer. 

No  pains  have  been  spared  in  collecting  the  best  examples  of  the  several  famil- 
iar types  of  framing,  with  their  details,  and  other  types  are  presented  which  are  new 
or  at  least  not  in  general  use. 

The  saw  tooth  or  weaving  shed  roof  is  not  as  fully  treated  as  its  value  warrants, 
and  especially  the  very  excellent  modified  form  which  he  presents  should  be  worked 
out  more  in  detail,  for  while  not  giving  so  large  a  proportion  of  glass  area  to  surface 
covered,  it  admits  of  better  gutters  and  the  use  of  monitor  sash  windows,  the  lack  of 
which  has  been  such  a  drawback  to  the  entirely  closed  design. 

Several  chapters  are  devoted  to  the  minor  but  none  the  less  important  details  of 
construction,  all  of  which  show  careful  study  and  a  knowledge  of  the  necessities  in- 
volved. 

The  subjects  of  shop  costs  and  shop  details  are  fully  treated,  and  great  stress  is 
laid  on  the  relation  and  effect  of  the  latter  on  the  former. 

In  Part  IV  are  given  descriptions  of  several  notable  examples  of  framed  stnic- 
tures  with  illustrations,  stress  and  section  diagrams  and  details,  while  in  an  Appendix 
are  given  general  specifications  for  steel  mill  buildings,  which  are  very  complete  and 
concise.  F.  L.  H. 

Alternating  Currents — Their  Generation,  Distribution  and  Utilization.     By  George 

T.  Hanchett,  M.  E.      John  Wiley  &  Sons,  New  York.     1904.      Cloth,  5x8  in.; 

pp.  175;  figures  in  the  text.     $1.00. 

This  is  a  book  that  will  be,  as  the  Preface  states,  of  special  interest  to  practical 
engineers  in  charge  of  lighting  and  power  plants  and  constniction  work  who  have  a 
thorougii  knowledge  of  direct  current  work,  but  who  understand  comparativelv  little 
of  alternating  current  plienomcna.  It  will  also  be  of  use  to  beginners  in  tlie  study  of 
the  subject  named  above. 

The  author  has  written  the  work  in  a  good,  common  sense,  entertaining  manner 
tliat  is  easily  digestible  for  any  one  interested  in  the  siibject.     The  work  is  made  con- 
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spicuous  by  a  lack  of  mathematical  equations,  which  are  almost  invariably  strewn  so 
liberally  throughout  most  of  the  treatises  on  this  subject  and  which  make  it  so  diffi- 
cult for  those  not  versed  in  higher  mathematics.  There  are  not  more  than  two  dozen 
formulae  throughout  the  book,  and  these  do  not  involve  a  knowledge  of  more  than 
elementary  trigonometry  and  algebra. 

The  first  chapter  ingeniously  treats  of  the  well  known,  but  somewhat  dangerous 
subject  of  "  Hydraulic  Analogies,"  which  give  the  reader  a  fair  comprehension  of  the 
phenomena  of  inductance,  capacity  and  the  results  obtained  by  introducing  them  into 
alternating  current  circuits. 

In  the  second  chapter  the  author  treats  of  relation  between  direct  current  and 
alternating  current,  and  shows  the  graphic  composition  of  pressure,  current  and  power 
waves  with  lagging  and  leading  power  factors.  This  is,  perhaps,  the  most  valual)le 
chapter  in  the  book. 

With  the  exception  of  several  good  chapters  on  the  theory  of  polyphase  currents 
with  vector  analysis  of  the  same  and  copper  calculations,  the  rest  of  the  book  is  de- 
voted to  the  theorj'  and  application  of  standard  lighting  and  power  apparatus. 

The  book  is  well  gotten  up,  is  very  carefully  written  and  contains  many  first  class 
and  up  to  date  illustrations  and  diagrams.  S.  G. 

Compendium  of  Drawing.     P.vrt  I — Compiled  from  the  Instruction  Papers  in  the 
Architectural  Course  of  the  American  School  of  Correspondence  at  Armour  Insti- 
tute of  Technology,  Chicago,  Illinois;  pp   410.      F.vrt  II — Compiled  from  In 
struction  Papers  in  the  Mechanical  Engineering  and  Sheet  Metal  Pattern  Draft- 
ing Courses,  at  "Armours;"  pp.  507.   Cloth,  large  8vo;  fullyillustrated;  price  $5  00. 
These  two  volumes  consist  of  twelve  of  the  eighty-nine  regular  instruction  papers 
as  sent  out  to  the  students.      The  primary  object  of  the  volumes  is  to  call  attention 
to  character  of  the  courses  offered  and  arouse  prospective  students  with  a  desire  for 
further  information  along  the  same  lines.      The  papers  are  so  well  chosen  and  pre- 
sented in  such  a  clear  and  practical  manner  as  to  make  them  valuable  to  students  and 
draftsmen  generally.     The  illustrations  and  drawings  are  numerous  and  very  good 

Part  I  begins  with  a  description  of  the  drafting  instruments  and  their  uses,  fol- 
lowed by  elementary  geometrical  problems.      More  difficult  problems  in  Projections 
and  Shades  and  Shadows  follow.     The  problems  are  very  clearly  e.\plained  by  means 
of  well  e.xecuted  drawings.      Perspective  and  architectural  lettering  are  also  treated. 
The  subjects  treated  in  Part  I  are  as  follows  : 

Mechanical  Drawing,  by  Ervin  Kenison,  S.  B.,  Instructor  in  Mechanical  Drawing, 
Massachusetts  Institute  of  Technology. 

Shades  and  Shadows,  by  Harry  W.  Gardner,  S.  B  ,  Asst.  Prof,  of  Architecture, 
Massachusetts  Institute  of  Technology. 

Perspective  Drawing,  by  William  H.  Lawrence,  S.  B.,  Assoc.  Prof,  of  Architec- 
ture, Massachusetts  Institute  of  Technology. 

Pen  and  Ink  Rendering,  by  D  A  Gregg.  Lecturer  in  Pen  and  Ink  Drawing, 
Massachusetts  Institute  of  Technology. 

Architectural  Lettering  by  Frank  C.  Brown,  of  Boston. 
The  papers  of  Part  II  are  : 

Working  Drawings,  by  Charles  L  Griffin,  S.  B.  Mech.  Engr. — The  Semet- 
Solvay  Co. 

Mechanism,  by  Walter  H.  James,  S  B.,  Instructor  in  Mechanical  Engineering, 
Massachusetts  Institute  of  Technology. 

Machine  Design,  by  Charles  L.  Griffin,  S.  B  ,  Mech    l^lngr.  Semet-Solvay  Co. 
-Sheet  Metal  Pattern  Drafting  and  Tin-smithing,  by  Wm.  Neubecker,  Instructor, 
Sheet  Metal  Department,  New  \ork  Trade  School. 

Part  I  contains  many  practical  problems  treated  in  an  elementary  manner.  The 
theory  is  clearly  expressed  in  the  text  and  illustrated  by  excellent  sketches  and 
drawings. 

In  Part  II  a  similar  method  of  treatment  has  been  followed  with  illustrated  ex- 
am])les  for  practice,  following  the  definitions  and  ex])osition  of  methods.  Formulas 
and  useful  tables  are  also  included. 

To  those  in  need  of  such  instruction,  these  books  can  be  recommended. 

H.  C.  L. 


THE  ESTABLISHMENr  OF  AN  ENGINEERING  DIRECTORY. 

As  one  of  the  functions  of  the  Western  Society  of  Engineers  is  to  promote  a 
feeling  of  comradeship  between  its  members,  and  to  render  assistance  to  them  in 
their  professional  work,  the  Board  of  Direction  have  decided  to  establish  what 
for  want  of  a  better  term,  may  be  called  an  Engineering  Directory.  The  object  of 
this  is  to  bring  together  those  members  who  may  be  on  the  outlook  for  an  engage- 
ment and  those  who  desire  the  services  of  engineers.  It  is  proposed  to  do  this 
without  cost  to  the  members  in  the  way  of  charges,  fees,  etc 

The  name  of  the  applicant  for  position  will  be  kept  privately  by  the  Secretary 
and  not  given  out,  except  as  provided  for  in  the  rules,  and  every  endeavor  will  be 
made  not  only  to  render  real  assistance  to  those  members  of  the  Western  Society 
of  Engineers  who  are  out  of  employment,  or  who  may  be  in  search  of  more  con- 
genial positions,  but  to  render  such  assistance  in  the  right  way. 

Attention  of  employers  of  engineers,  whether  members  or  not,  is  also  called 
to  the  exceptional  value  of  this  bureau  to  parties  desiring  engineering  services  of 
the  highest  order. 

Rules  to  Govern  the  Conduct  of  this  Directory. 

First.  Blank  applications  for  employment  will  be  given  to  any  member  of 
the  Western  Society  of  Engineers  or  forwarded  to  him  on  receipt  of  request,  accom- 
panied by  a  self-addressed  stamped  envelope. 

Second.  When  returned  to  the  Secretary,  these  applications  shall  be  num- 
bered for  identification,  and  posted  on  a  public  file  in  the  rooms  of  the  Society. 
The  name  and  address  of  applicant  shall  be  kept  on  the  detached  coupon  on  a 
private  file,  numbered  the  same  as  the  application,  and  will  not  be  given  out  ex- 
cept to  bona  fide  employers,  and  then  only  when  in  the  judgment  of  the  Secretary 
no  confidence  is  violated  in  so  doing. 

Third.  Applications  from  employers  of  engineers  will  be  placed  on  a  similar 
public  file,  and  notifications  will  be  sent  to  all  applicants  meeting  the  required  con- 
ditions, or  to  any  applicant  specially  designated  by  prospective  employer. 

Fourth.  Applications,  whether  of  employers  or  those  seeking  employment, 
shall  be  kept  on  file  for  the  two  calendar  months  succeeding  the  date  of  appli- 
cation, and  then  taken  oft  and  destroyed.  A  brief  abstract  of  each  applicaton, 
identified  by  number  only,  and  stating  character  of  position  sought  and  salary  ex- 
pected, will  be  published  in  the  Journal.  Any  letters  addressed  to  file  numbers  in 
care  of  the  Secretary  will  be  forwarded  to  destination. 

Fifth.  Applications  may  be  kept  on  file  for  a  longer  period  than  two  months 
if  desired  by  the  applicant,  who  shall  notify  the  Secretary  to  this  effect  by  postal 
card  or  otherwise.  Applicants  are  also  requested  to  notify  the  Secretary  promptly 
when  the  application  is  to  be  taken  off  the  file. 

It  is  to  be  hoped  that  this  arrangement  of  applications,  etc.,  filed  at  the 
offices  of  the  Society,  will  result  in  benefit  to  those  members  who  are  seeking  a 
professional  engagement. 

By  Order  of  the  Board  of  Direction. 

J    H.  Warder,  Secretary. 
August  5,  1902. 
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JOHN    F.  WALLACE,   M.  W.  S.  E. 
CHIEF  ENGINEER  OF  THE  PANAMA  CANAL. 
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FLEXURE  OF  REINFORCED  CONCRETE  BEAMS* 

By  Prof.  \V.  K.  Hatt,  Purdue  University,  Lafayette,  Ind. 

Presented  April  6,  1904. 

The  writer  here  presents  the  following : 
(i)      A  short  account  of  his  experiments. 

(2)  A  simple  formula. 

(3)  Equations  of  flexure  (see  appendix.) 

(4)  Diagrams  representing  equations. 

The  writer  has  been  conducting  experiments  in  which  he  has 
been  assisted  by  students  in  the  School  of  Civil  Engineering,  to 
determine  the  proper  method  of  analysis  of  the  strength  of  a 
combination  of  steel  and  concrete  under  flexure.  He  has  been 
concerned  chiefly  with  experiments  which  would  serve  to  test 
the  validity  of  this  analysis.  For  this  purpose  it  was  necessary 
to  use  uniform  materials  of  a  high  quality.  The  experiments 
were  therefore  conducted  on  beams  made  of  rich  concrete  and  reui- 
forcedwith  plain  bars  without  any  bond  other  than  natural  adhesion 
between  the  cement  and  the  steel.  In  the  construction  of  the  beams 
the  proportion  of  the  steel  was  so  modified  and  so  placed  in  various 
portions  of  the  cross-section  as  to  create  a  variety  of  conditions  in 
order  that  the  flexibility  of  the  theory  might  thus  be  tested.  The 
concrete  represented  good  arch-ring  concrete.  No  attempt  was  made 
to  develop  those  weaknesses  which  at  times  result  in  particular 
kinds  of  failure  in  certain  forms  of  practical  construction.  Accom- 
panying the  writer's  tests  on  beams  have  been  tests  on  steel  and  on 
concrete  both  in  tension  and  compression. 

It  is  no  part  of  the  writer's  present  purpose  to  reproduce  the 
algebraic  work  back  of  the  equations  which  are  the  result  of  his 
analysis.  The  original  paper  containing  this  analysis  may  be  found 
in  the  Transactions  of  the  American  Society  for  Testing  Materials, 
Vol  II,  page  161,  and  in  the  Engineering  News,  July  17,  1902. 
The  equations  are  here  reproduced  in  an  Appendix.  Figures  i,  2 
and  7  of  the  present  paper  are  take  from  the  references  cited.  The 
theory  takes  account  of  that  part  of  the  bending  moment  due  to  ten- 
sional   forces  in  the  concrete ;  and  it  supposes  a  parabolic  law  of 

*N(JTF,  BY  Author:  This  paper  was  presented  before  the  Society  after  prac- 
tically the  same  matter  was  embodied  in  a  discussion  by  the  author  of  Bulletin  No.  .^0 
of  the  American  Railway  Engineering  and  Maintenance  of  Way  Association. 
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variation  of  the  stress  in  the  concrete  of  the  beam  with  the  distance 
from  the  neutral  axis. 

The  tests  were  on  beams  8x8  inches  in  cross-section  made  of 
1-2-4  concrete.  The  stone  was  Hmestone,  crusher  run  below  one 
inch.  The  proportions  were  by  loose  volume.  The  beams  were 
tested  under  a  center  load  on  an  80-inch  span.  The  tests  have  dis- 
closed the  following  facts : 

(i)  The  flexibility  of  reinforced  concrete  beams,  that  is,  the  de- 
gree of  deflection  before  cracks,  visible  to  the  naked  eye,  are 
formed  in  the  lower  part  of  the  beam,  is  about  ten  times  that  of  a 
beam  without  reinforcement.  This  observation  checks  Considere's 
results,  who  found  that  reinforced  concrete  would,  without  crack- 
ing, submit  to  an  extension  at  least  ten  times  that  ordinarily  experi- 
enced by  plain  concrete.  The  benefit  of  this  increased  flexibility 
is  that  thereby  the  strength  of  the  steel  in  tension  and  the  strength  of 
the  concrete  in  compression  may  be  largely  utilized.  The  strength 
of  a  beam  reinforced  with  steel  rods  whose  cross-section  constituted 
2  per  cent  of  the  cross-section  of  the  beam  was  from  four  to  five 
times  that  of  a  plain  concrete  beam.  In  fact  beams  may  be  designed 
in  which  factors  of  safety  in  all  the  three  elements,  that  is,  steel  in 
tension,  concrete  in  compression  and  tension  may  be  very  nearly 
equal.  Steel  of  an  especially  high  elastic  limit  is  needed,  however, 
to  devolop  the  compressive  strength  of   1-24  concrete. 

(2)  In  the  presence  of  this  .1-2-4  concrete  the  first  visible  fail- 
ure was  a  tension  crack  in  the  concrete  near  the  center  of  the  beam. 
The  failure  was  not  due  to  a  slipping  of  these  plain  bars  in  the  sur- 
rounding concrete  nor  to  the  effects  of  shear.  Beams  tested 
on  a  40-inch  span  yielded  similar  tension  cracks.  In  certain  further 
tests,  however,  made  on  leaner  concretes,  1-3-6,  failure  has  been 
due  to  a  pulling  out  of  the  bar  from  the  concrete  near  the  end  of 
the  beam.  Accompanying  this  pulling  out,  was  a  crack  in  the 
beam  running  up  from  the  support  towards  the  load.  This  latter 
crack  is  sometimes  called  a  shear  crack,  but  is  really  due  to  ten- 
sional  stresses  which  are  the  resultant  of  internal  shears  and  longi- 
tudinal stress.  The  value  of  some  mechanical  bond  or  of  some 
form  of  stirrup  or  abutment  in  such  cases  will  be  evident.  The  only 
failure  purely  of  the  nature  of  a  shear  is  the  separation  which  some- 
times occurs  in  a  horizontal  plane  just  above  the  reinforcement. 
This  latter  separation  has  only  occurred  in  the  writer's  experience 
in  a  beam  which  was  so  highly  over-reinforced  that  there  was  very 
little  concrete  between  the  steel  bars. 

It  may  be  noted  the  writer's  tests  were  under  conditions  of  con- 
centrated loading,  and  that  failure  near  the  end  of  a  beam,  ilue  to 
shear,  would  be  more  likely  under  uniform  loading;  since  for  the 
same  center  moment  the  shear  is  double  under  a  condition  of  uni- 
form load  as  compared  to  concentrated  loading.     The  value  of  the 
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vertical  shear  per  square  inch  of  cross-section  of  the  beam  tested 
by  the  writer  was  on  the  maximum  about  i6o  pounds  per  square 
inch.  The  resultant  of  two  shears  at  right  angles  to  each  other  is 
a  tension  of  the  same  amount  and  this  might  easily  rupture  ordi- 
nary concrete.  The  tensile  strength  of  the  concrete  in  the  1-2-4 
beams  was  nearly  300  pounds  per  square  inch.  The  adhesion  and 
friction  between  the  steel  and  concrete  was  about  700  lbs.  per  sq. 
in.  of  surface. 

After  the  first  visible  crack  is  formed  in  tension  it  spreads  up- 
wards. Then  the  strength  of  the  steel  in  tension  and  the  concrete 
in  compression  is  brought  into  play.  The  higher  the  elastic  limit 
of  the  steel  the  more  one  postpones  the  point  of  rapid  increase  of 
the  width  of  this  crack,  and  when  steel  is  used  of  sufficiently  high 
elastic  limit,  and  in  sufficient  quantity,  the  compressive  strength  of 
the  concrete  in  the  upper  flange  will  be  developed.  In  the  writer's 
tests  of  stone  concrete  beams  reinforced  with  wrought  iron  whose 
elastic  limit  was  36,000  pounds  per  square  inch,  a  2  per  cent  re- 
inforcement failed  to  develop  the  compressive  strength  of  the  con- 
crete. 

Fis:.  6  shows  a  view  of  the  cracked  beams. 


Fig.  0. 

In  no  tests  with  1-2-4  concrete  beams  or  1-5  gravel  concrete 
beams  reinforced  with  less  than  2  per  cent  of  metal  of  a  low  elas- 
tic limit  has  the  first  visible  failure  been  other  than  a  crack  in  ten- 
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sion  at  the  center  of  the  beam.  The  above  remarks  also  apply  to 
tests  of  1-5  gravel  concrete  beams  of  similar  size  and  loading. 

(3)  The  behavior  of  the  reinforced  concrete  beams  under  flex- 
ure was  as  shown  in  V\g.  i  below.  It  will  be  noticed  that  the  ratio 
between  load  and  deflection  remains  very  nearly  constant  up  to 
point  A,  which  is  one-half  to  one-third  the  maximum  strength.  The 
diagram  then  becomes  of  less  inclination  to  the  deflection  axis  and 
the  deflection  proceeds  until  a  crack  visible  to  the  naked  eye  ap- 
pears in  the  tension  side  of  the  beam  and  a  deflection  of  about  one 
five-hundreth  part  of  the  span.  In  the  case  of  gravel  concrete 
beams  the  maximum  load  coincides  with  the  load  at  first  crack  and 
the  diagram  beyond  the  point  A  has  a  decided  curvature. 

It  is  probable  that  at  point  A  there  are  minute  cracks  invisible 
to  the  naked  eye,  and  the  writer  understands  that  certain  observers 
have  recently  developed  these  minute  cracks.  These  are  explained 
by  the  following  considerations:  When  a  piece  of  plain  concrete  is 
pulled  in  tension  the  first  minute  crack  which  forms  is  afterwards 
rapidly  developed  into  a  plane  of  rupture;  but  when  the  same  con- 
crete bar  is  reinforced  with  steel  rods  the  spreading  of  this  minute 
crack  is  prevented  with  the  consequence  that   the  concrete  bar 
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cracks  in  a  number  of  places  throughout  the  entire  length,  and  that 
the  extension  at  the  time  of  failure  is  much  greater  than  that  ex- 
tension experienced  by  a  plain  bar  at  the  time  of  failure.  Thus, 
Considere  has  found,  and  his  tests  have  been  checked  by  the  writer, 
that  plain  concrete  in  tension  experiences  an  extension  at  the  time 
of  rupture  of  only  one-tenth  that  experienced  by  reinforced  con- 
crete.    In  other  words  the  steel  acts  as  hair  does  in  plaster. 

A  diagram  representing  a  test  of  reinforced  concrete  in  tension 
is  shown  below,  i^Mg.  2. 
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In  the  case  of  a  reinforced  concrete  bar  under  tension  we  may 
suppose  that  these  minute  cracks  begin  to  form  at  a  point,  P,  preced- 
ing the  rapid  increase  in  elongation  in  Fig.  2,  but  no  one  of  these 
minute  cracks  spreads  to  form  a  visible  crack  until  the  further  ex- 
tension of  the  bar. 

It  does  not  seem  that  these  minute  cracks  are  of  any  practical 
consequence.  The  crack  which  is  called  by  the  writer  "  first 
crack  "  is  a  crack  visible  to  the  naked  eye  such  as  would  be  an 
evidence  of  weakness  in  an  actual  structure. 

(4)  Results  of  tests  indicate  that  reinforcement  in  the  compres- 
sion flange  adds  but  little  to  the  resisting  moment. 

The  writer  has  advanced  a  theory  to  account  for  these  three 
points,  A,  first  crack,  and  maximum  strength,  and  finds  the  theory 
is  flexible  enough  to  predict  the  behavior  of  a  beam  at  various 
stages  of  the  test  when  such  beam  is  reinforced  with  different  per- 
centages of  metal  placed  at  different  parts  of  the  cross-section. 
The  equations  of  the  theory  are  complicated  and  difficult  of  compu- 
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tation,  but  that  part  of  the  expression  for  bending  moment  in 
brackets  in  equation  5,  page  238,  may  be  represented  graphically  or 
may  be  replaced  with  a  simple  formula  which  may  be  called  the 
•'  Straight  Line  Formula  for  Reinforced  Concrete  Beams."  While 
these  equations  are  complicated  they  approach  so  nearly  a  straight  line 
that  for  ordinary  degrees  of  reinforcement  the  latter  will  serve  all 
purposes.  The  writer  proceeds  to  give  this  Straight  Line  Formula 
to  cover  the  test  so  far  made,  and  he  also  presents  a  diagram  which 
shows  the  nature  of  the  equations  in  more  elaborate  theory. 


STRAKiHT  LINE  FORMULA. 
M  =  Ktbh-. 

Where  M  =  Moment  in  inch-pounds. 

P  =  Percentage  of  steel  in  cross  section  in  lower  flange  (not  to  exceed  3). 
b  =  breadth  of  beam  in  inches, 
h  ^  depth  of  beam  in  inches. 
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t  =■  tensile  strength  of  concrete  in  pounds  per  sq.  in. 

u  =  the  fractional  depth  of  the  steel  from  the  top  of  the  beam, 

K  =  a  constant  which  is  as  follows: 
For  1-2-4  stone-concrete  beams: 

K  =  [V^-f-(^u-l)P] 
OrM  =  [i^  +  (ru_l)P]tbh-' 
For  1-5  gravel  concrete  when  u  =  ^ 

The  value  of  t  may  be  taken  as  one-tenth  the  crushing  strength 
in  the  case  of  stone-concrete,  and  one-ninth  the  crushing  strength 
in  the  case  of  gravel-concrete.  This  fact  has  been  determined  by 
actual  tests  made  by  the  writer.  The  following  values  have  been 
derived  by  his  tests :     See  Table  I. 

The  use  of  this  formula  must  be  followed  by  a  computation  of 
the  stresses  in  concrete  in  compression  and  steel  in  tension,  other- 
wise a  per  cent  of  steel  may  be  taken  which  would  call  for  too  high 
values  of  the  strength  of  the  concrete  in  compression.  The  com- 
putation is  best  performed  by  the  aid  of  diagrams  mentioned  below. 

The  question  as  to  the  proper  point  at  which  factors  of  safety 
should  be  fixed  is  of  practical  consequence.  Either  the  point  of 
appearance  of  the  first  visible  crack  or  the  ultimate  load  may  be 
taken.  In  certain  designs,  however,  this  ultimate  load  corresponds 
to  a  state  of  failure  which  is  very  far  advanced  and  very  much  be- 
yond the  point  of  the  first  visible  crack.  When  the  beam  has  a 
decided  set,  due  generally  to  the  Elastic  Limit  of  the  steel  being 
exceeded,  the  load  preceding  the  set  forms  a  basis  of  reference  for 
"  factor  of  safety." 

ILLUSTRATION  OF  THE  USE  OF  THE  FORMULA. 

Find  the  strength  of  a  beam  8x8  inches  in  cross-section  rein- 
forced with  2  per  cent  of  steel,  made  of  1-2-4  stone-concrete  28 
days  old.  The  center  of  the  steel  is  i  inch  above  the  bottom  of 
the  beam.     Assume  t       280  pounds. 

M  =  bh-  280  (.333  +  O  .55P) 

If  p  =  2  per  cent 

M  =bh2  401 

If  a  beam  is  8"  X  8 "  in  cross  section 

M  =  20.i312  inch  pounds. 

If  the  span  of  the  beam  is  80  inches,  the  center  load  =  P=  10,200  pounds. 

A  beam  tested  under  these  conditions  gave  10, 2.10  pounds  load. 

The  safe  load  would  be  about  3,40o  pounds. 
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For  use  in  rough  calculations  it  may  be  well  to  state  the  follow- 
ing rule : 

The  resisting  moment  of  beams  one  month  old  may  be  put, 

M  =  K'  bh-' 

With  units,  inches  and  pounds.  The  value  of  K  '  at  the  age  of 
one  month  is  as  follows  : 

Concrete  of  1-2-4  crusher  run,  below  one  inch  : 
Per  Cent  of  Steel         K' 

0  90 

1  250 

2  400 
1-5  gravel : 

1  280 

2  480 

That  is  to  say,  the  resisting  moment  of  a  reinforced  concrete 
beam  wath  one  per  cent  of  steel  is  250  times  the  width  times  the 
square  of  the  height.  The  beams  would  show  a  visible  crack  on 
the  application  of  this  bending  moment  when  soft  steel  is  used. 

USE  OF  A  DIAGRAM. 

The  writer  assisted  by  Mr.  C.  H.  Hall,  Purdue,  1903,  has  plotted 
in  Figs.  3  and  4  two  diagrams. 

Figs.  3  and  4  enable  the  strength  of  beams  to  be  computed  when' 
made  of  different  kinds  of  concrete  reinforced  with  different  per- 
centages of  steel.  They  enable  a  simple  formula  to  be  used  of  the 
following  nature : 

M  =  Ktbh- 

Where  M^  Bending  Moment  in  inch  pounds. 

b  =  width  of  beam  in  inches. 

h  ^  depth  of  beam  in  inches. 

t  ^  tensional  strength  of  the  concrete. 

K  is  a  constant  which  depends  on  per  cent  of  reinforcement  and  kind  of  con- 
crete. 

Fig.  3  enables  the  bending  moment  to  be  computed  at  point 
A.  Fig.  4  enables  this  bending  moment  to  be  computed  at  the 
point  of  first  visible  crack.  The  writer  desires  to  say  that  the 
lines  on  these  diagrams  are  simple  expressions  of  equations 
in  Appendix  i,  resulting  from  the  application  of  the  theoret- 
ical analysis,  and  they  are  not  to  be  used  with  any  practical 
operations  until  the  experimental  points  have  been  located  on  the 
diagram  to  establish  the  application  of  these  lines  to  practical 
conditions. 

As  has  been  said,  the  writer  has  been  working  to  establish  the 
experimental  points  on  these  diagrams.  Up  to  the  present  time 
his  experiments  cover  the  field  represented  by  the  lower  lines  in 
the  diagram.  He  has  shown  so  far  that  the  theory  is  elastic 
enough  to  predict  the  strength  of  beams  made  with  different  per- 
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Fig.  3.     Diagram  showing  variation   of  K,    with   per  cent   of  steel   in  cross 
section  :     n=2,  u=0  !)5  for  point  "A." 
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Fig.  4.      Diagram  showing  variation  of    K,  with  per  cent  of   steel    for  point  of 
first  crack. 
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Fig.  5.      Diagram   showing   comparison  of  theory   with    experiment.      Lines 
represent  e(]uations  in  appendix. 
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centages  of  steel  placed  at  different  portions  of  the  cross-section, 
both  for  point  A  and  for  the  point  of  first  visible  crack.  The 
results  of  the  experiments  are  compared  to  the  theory  in  Fig.  5, 
by  reference  to  plotted  points  whose  values  are  gotten  from  Table 
II.  In  the  future  he  expects  to  conduct  experiments  to  cover  the 
upper  lines  in  the  diagram  ;  that  is  to  say,  to  conduct  experiments 
with  lean  concrete  in  which  shear  will  probably  be  a  determinative 
factor. 

The  comparison  of  theoretical  and  experimental  results  at  point 
A  is  not  satisfactory. 

These  diagrams  suppose  failure  to  be  by  bending  and  not  by  the 
effects  of  shear.  The  same  problem  comes  up  in  the  design  of 
wooden  beams.  Before  designing  a  wooden  beam  one  must  be 
sure  that  equations  should  be  applied  for  bending  and  not  equations 
for  horizontal  shear.  With  these  preliminary  remarks  the  nature  of 
the  diagrams  are  explained  as  follows : 

With  the  use  of  the  diagram,  required  the  solution  of  the  follow- 
ing problem  : 

What  depth  of  beam  is  necessary  to  carry  10,000  pounds  center 
load  on  a  i  o-foot  span  .-' 

Coiiditio7is. — 1-2-4  concrete  one  month  old.  Compressive  strength 
2,400  pounds  per  square  inch.  Tensile  strength  240  pounds  per 
square  inch.  Reinforcement  i  ^  per  cent.  Assume  depth  of  re- 
inforcement from  top  of  the  beam  equal  0.9 5 h. 

Referring  to  Fig.  4,  run  up  from  the  precentages  of  1.5  from  the 
horizontal  axis  to  point  b  on  the  line  marked  n  — -=  12,  m  -  100, 
thence  horizontally  to  the  axis  of  K  to  a  value  of  1.37. 

Then    ^,  =240X1.37.  And  the  required  M= — '■ ^ilr?=  300,000 

bh-  4 

^^^•««^=240X1.37 


bh-' 

h 
Ifb  =  g-    h  =  12.20 

The  required  beam  will  then  be  6x  12.2  inches  and  will  require 
three  ||-inch  round  bars. 

To  determine  what  stresses  exist  in  the  steel  and  in  the  concrete, 
consult  Fig.  4.      From  point  b  go  horizontally  to  the  left  to  point  c 

on  the  line  expressing  the  ratio  of  -  and  thence  down  to  a  value 
of  7.2  on  axis  of  —. 

Since  t  =  240 

Therefore  c=  7.2x240=  1728  lbs.  per  sq.  in.,  stress  of  the  concrete  in  com- 
pression. 

From  the  same  point  b  move  horizontally  to  the  left  to  point  d 

on  the  line  which  expresses  the  ratio  of  j  ,  thence  vertically  upward 

f 
to  the  scale  for  -  to  a  value  marked  n. 


334 


Halt — Flexure  of  Rtinforced  Concrete  Heaitis. 


Since  c  1728,  therefore  f  1728x13  22,464  pounds  per 
square  inch,  tensile  stress  on  the  steel. 

The  letters  n  and  ni  on  these  diagrams  refer  to  constants  in  the 
equations  given  in  the  appendix. 

The  present  evidence  from  the  writer's  experiments  point  to  the 
fact  that  constants  n  12,  and  m  100,  are  suitable  for  1-2-4  stone 
concrete;    and  n        16,  m        130  for  1-5  gravel  concrete. 

On  Fig.  5  have  been  represented  the  results  of  experiments 
made  by  the  writer.  That  is  to  say,  the  value  of  K  has  been  com- 
puted from  the  results  of  experiments  using  the  value  of  t  as  ascer- 
tained by  parallel  experiments  conducted  on  concrete  of  which  the 
beams  were  made.  It  will  be  observed  that  the  tests  on  1-2-4  con- 
crete beams  shown  by  the  small  crosses  and  triangles,  fit  the  con- 
stant n^  -  12,  m-  100  and  t  300  pounds  per  square  inch  with  a 
satisfactory  agreement.  It  can  be  noticed  that  the  theory  responds 
to  a  change  of  the  value  of  u  from  73  to  y>^  when  tested  by  the  re- 
sults of  these  experiments.  The  lines  shown  in  Fig.  4  also  run  out 
to  an  experimental  point  corresponding  to  a  plain  beam  without  any 
reinforcement.  The  other  points  of  the  diagram  are  for  gravel 
beams  which  show  a  greater  strength  than  do  stone  concrete  beams. 

The  above  remarks  refer  to  the  comparisons  between  the  theo- 
retical lines  and  the  experimental  points  on  the  diagram  showing 
relations  at  the  time  of  first  crack.  The  agreement  is  less  satis- 
factory in  the  case  of  point  A.- 

TABLE  I. 


Kind  of  Concrete 

.\-e 

Compression 
Modulus 

Tension 
Modulus 

Ultimate 

Strength 

Ce- 
ment 

Sand 

Broken 
Stone 

Gravel 

Conip. 

Tens'on 

1 

2 
'I 

n 
5 

90  da. 

4,610,000 
3,350,000 
4,800,000 
4,130,000 

.1,4(U).000 
3,8u0,000 
4,. ">  10,000 
4,320,000 

2413 
2290 

2804 
2400 

3.)9 

1 

1 
1 

;> 
5 

28   ■' 
90  " 

28  •' 

237 
290 
253 

The  writer  desires  to  quote  certain  results  recently  obtained  in 
experiments  performed  in  the  Laboratory  for  Testing  Materials  in 
Purdue  University. 

Table  i  gives  the  modulus  of  elasticity  and  strength  of  both 
broken  stone  and  gravel  concrete  at  28  days  and  go  days.  The 
limestone  was  the  product  of  the  crusher  below  i  iiuh.  The 
gravel  was  excellent  pit  gravel,  including  sand  and  pebbles. 
The  concrete  was  medium  wet.  The  values  quoted  are  based 
upon  -tests  of  'i^'j  compression  specimens,  involving  202  de- 
terminations of  the  modulus  in  compression  and  on  tests  of  27  ten- 
sion specimens,  involving  79  determinations  of  the  tension  modulus. 
From  these  results  it  appears  that  the  ratio  of  the  modulus  of  elas- 
ticity of  concrete  in  compression  to  that  in  tension  is  nearly  unity. 
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The  ratio  of  the  modulus  of  elasticity  of  the  steel  in  tension  to  the 
concrete  in  compression  is  as  follows : 

Stone-Concrete 28  days 8.8 

Stone-Concrete 90  days (5.() 

Average 7.7 

Gravel-Concrete 28  days 8.0 

Gravel-Concrete 90  days 6.2 

Average 7.1 

The  value  of  E  is  obtained  not  from  a  tangent  to  stress-strain  dia- 
gram but  by  substracting  the  set  preceding  the  load  at  which  E  is 
measured.  This  E  is  very  little  affected  by  the  stress  at  which  it 
is  measured. 

TABLE  II. 

COMPARISON    OF    THEORY    AND    EXPERIMENT. 

Concrete  Beams  8in.  x8in.  —  Center  Load  on  80in.  span 

Theoretical  value  of    K  computed   from   equations  in  Appendix,  using  values 
for  first  crack; 

For  1-2-4  Stone  n=12;  m=100. 
For  1-5  Gravel    n^lO;  m^lOO. 

1-2-4  Stone  Concrete. 


''     ^*' 

Valuk  of  K 

u 

Per  Cent 

Age, 

Tensile 

of  Steel 

Days 

Strength 

EXPERIMENT 

THEORY 

Point  A 

Isl  Crack 

A 

Crack 

A 

Ciack 

0 

28 

H.IO 

1450 

2550 

0.189 

0  33() 

0.332 

7/s 

1 

28 

31  lO 

2750 

7050 

0.357 

0.920 

0.920 

2 

28 

300 

3250 

10250 

0.425 

1.34U 

1.420 

% 

1 

28 

300 

2500 

5000 

0.32(3 

0.085 

0.670 

2 

28 

2500 

(3100 

0.32(3 

0.82.1 

0.950 

A  second  series  of  1-2-4  beams  with   u  =  %   were  tested   in   1901.     They  were 
made  of  weaker  concrete  than  first  series  in  table. 


^8 


90 
90 


300 
300 


7875 
12000 


1.053 
L553 


0.920 
1  1.420 


Gravel  1- 


% 

'A 
1 
2 

90 
90 
90 

290 
290 
290 

2500 
3000 
3250 

4375 

8500 

13750 

0.330 
0.404 
0.437 

0.589 
1  34 

1.85 

0.72 
1.12 
1.90 

^    \ 

28 
28 

253 

2750 
3000 

7750 
12550 

0.425 
0.4(34 

1.20 
1.94 

1.12 
1.90 

Note. — The  value  of  n  and  m  used  above  may  be  arrived  at  as  follows:     1-24 
Stone  Concrete:     t  =  300  lbs.  per  sq.  in.  at  point  at  first  crack,  elongation  is  one 

part   in    1000      Es  =  30,000,000     Ec  =  3,600,000      Then  m  =  *S^J^^'^^=  100 


"00"="Tooo 
3,600,000 

300^t,Vt) 


=   12 


236 


Ilatt — Flexure  ot  Keinforced  Concrtte  Beams. 


/-J  Grartl:     t  =  250     The  Gravel  Beams  had   the  same  deflection  at  point  of 

HO,  000, 000 
first  crack  as  the  stone  concrete  beams,     m  =  ^.,^  — 7—  =  120 


250  :  75(775 
4.130,000 

m  =  130  was  used  in  Table  II  to  bring  closer  agreement. 


=  1G 


APPENDIX. 


The  EyuATiONS  of  Flexure  of    Reinforced  Concrete 

Beams. 

The  theory,  the  main  analysis  of  which  is  indicated  below,  in- 
tends to  account  for  three  characteristic  points  of  the  load-deflec- 
tion curve  shown  in  Fig.  i,  viz,  the  point  A,  the  load  at  first  crack, 
and  the  load  at  failure. 

The  assumptions  upon  which  the  theory  is  based  are  mainly  as 
follows:  (i)  The  cross-sections  of  the  beam  remain  plane  sur- 
faces; (2)  the  applied  forces  are  perpendicular  to  the  neutral  sur- 
face of  the  beam;  (3)  the  values  of  the  moduli  of  elasticity  obtained 
in  simple  tensile  and  compressive  tests  will  apply  to  the  material 
when  under  stress  in  the  beams.  (4)  There  is  no  slipping  between 
the  concrete  and  the  steel  reinforcement ;  and  (5)  there  are  no  initial 
stresses  in  the  beam  due  to  shrinkage  or  contraction  of  the  con- 
crete while  setting.  The  analysis  supposes  fracture  to  be  due  to 
bending  and  not  to  horizontal  shear. 

If  the  cross-sections  are  assumed  to  remain  plane  surfaces  dur- 
ing flexure,  the  distortion  of  any  fibre  will  be  proportional  to  its 
distance  from  the  neutral  axis.  It  follows  that  the  law  of  varia- 
tion of  stress  will  be  represented  by  the  stress-strain  diagrams  for 
simple  stresses. 

Following  the  method  of  M.  Considere  in  general  by  applying 
these  diagrams  to  the  cross-section  of  a  beam,  we  will  have  the 
representation  of  the  stresses  at  different  points  of  the  cross-sec- 
tion. These  stresses  in  the  concrete  and  that  in  the  steel  rein- 
forcement are  shown  in  Fig.  7. 


K b   -A 

^  I '^- 

©-0*6    e 


1 500 lbs. ;  r  =  500lbi.. 


ZOftOOIbs.-  hu=7" 


Fig.  7-  Diagram  Indicating  Nature  of  Stresses  in  Re- 
inforced Concrete  Beam. 

For  the  sake  of  simplicity  in  the  analysis,  these  stress  strain  dia- 
grams are  assumed  to  be  parabolic  arcs,  an  assumption  which 
is  justified  in  the  case  of  compressive  stress-strain  diagrams  by  an 
examination  of  a  large  number  of  tests   recorded  in   "  Report  of 
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Tests  of   Metals  for  the  year  1899."     Referring  to  this  figure,  let 

1  =  length  of  span;  b  =  width  of  cross-section. 

hx  =  the  distance  from  the  compression  face  to  the  neutral  axis; 

hu  =  the  distance  from  the  compression  face  to  the  centre  of  gravity 

of  the  reinforcement; 
p  =  the  ratio  of  the  area  of  steel  to  that  of  the  cross-section  of  the 

beam; 
Es,  Ec.  Et  =  the  moduli  of  elasticity  of  the  steel,  concrete  in  compression 

and  concrete  in  tensioii  respectively; 

=  ^; 

Et 

=  ^: 
Et 
f  =  stress  in  metal  reinforcement; 

c  =  compressive  stress  in  outer  fibre  of  concrete; 

t  ^  tensile  stress  in  outer  fibre  of  concrete. 

Reinforcement  is  supposed  to  be  in  the  tension  flange  alone. 
Ep  and  Et  are  measured  at  the  stresses  c  and  t. 

The  values  of  x,  u  and  p  are  ratios;  p  and  u  are  at  the  control 
of  the  designer,  while  x  depends  on  p,  u,  n  and  m;  n  and  m  are 
fixed  by  the  quality  of  the  materials,  and  they  change  during 
flexure  with  the  varying  values  of  c,  f  and  t;  that  is,  the  modulus 
of  elasticity  of  the  concrete  varies  with  the  stress  at  which  it  is 
measured.  For  practical  purposes  of  computation,  however,  the 
constant  values  of  n  and  m  may  be  used  appropriate  to  the  point 
A  and  to  the  point  of  cracking  shown  in  Fig.  i. 

On  the  assumption  of  plane  cross-sections  during  flexure,  we 
may  determine  the  ratio  of  c  to  t  and  f  to  t  as  follows : 

t  n  X 
c  = .  (1) 

1— X 

t  m  (u  —  x) 

f  = .  (2) 

1— x 
c  f 

The  values  of  -  and  -  are  shown  in  Figs  3  and  4. 

Next,  to  locate  the  neutral  axis;  that  is,  to  determine  the  value 
of  X,  we  may  equate  the  forces  of  tension  and  compression  on  the 
cross-section,  assuming,  as  before,  that  the  stress-strain  diagrams 
are  arcs  of  parabolas.     Thus  : 

;=3cx  =  ^t(l-x)+pf.  (3) 

Inserting  the  values  of   c  and  f  obtained  above,  we  obtain  the  fol- 
lowing quadratic : 

~ i  ■"''  n  ^  2^  (1  —  x)-  -)-  p  m  (u  —  x) . 

Solving  the  quadratic  we  have: 

-('*±|^^)+ J4n+  — p-^m^+p  [(Jm(u[n-1]+]M 

x  =  - ■ .  (4) 

2(n-l) 
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Having  obtained  x,  we  may  compute  c  and  f,  and  finally  obtain 
the  moment  of  resistance  of  the  section.  Taking  moments  about 
the  neutral  axis,  we  have : 

M  =  tbh-(         (l-x)-+— -^ ^+P-S —"^Y  (^) 

V  12  12  (1  —  x)  1  —  X        / 

The  expression  in  brackets  is  shown  as  K  in  Figs.  3  and  4  except 
that  p  is  a  per  cent  in  latter,  and  not  a  ratio,  as  in  Kq.  5. 

No  useful  development  will  result  from  the  substitution  in  Eq. 
5  of  the  value  of  x,  obtained  in  general  terms  in  Eq.  4.  In 
practical  computations  n,*  m,  u  and  p  are  given;  x  is  then  com- 
puted from  (4);  c  and  f  computed  from  (i)  and  (2);  finally  the 
moment  of  resistance  is  computed  from  (5). 

The  process  of  computation  is  simplified  by  the  fact  that  h  and 
X  are  the  same  for  equal  products  of  p  m. 

The  equations  given  above  are  to  be  applied  to  compute 
the  load  at  the  point  A.  At  the  load  corresponding  to  the  crack- 
ing of  the  concrete  in  the  tension  face,  these  equations  should  be 
modified  to  correspond  with  the  fact  that  the  stress-strain  diagram 
for  the  concrete  in  tension  is  more  nearly  a  rectangle  than  a  para- 
bola. The  difference,  however,  between  the  results  at  the  time  of 
the  appearance  of  the  crack  due  to  the  assumption  of  a  rectangle 
or  a  parabola  is  small.  With  proper  values  vi  n  and  m  the  equa- 
tions may  be  allowed  to  stand. 

For  1-2-4  stone  concrete  the  values  of  m=ioo  and  n  -12 
will  give  the  load  at  first  crack.  For  1-5  gravel  concrete,  the 
values  of  m  =  130  and  n  =  16  may  be  taken. 

When,  however,  the  crack  having  formed  itself,  extends  through- 
out the  lower  region  of  the  cross-section,  the  equations  must  be 
modified  by  the  omission  of  the  effect  of  the  tensile  forces  due  to 
the  resistance  of  the  concrete  under  tension. 

We  have  then: 

|cx  =  pf  or,  p  g-  (u-x)  =  |x2 (4)' 

which  serves  to  locate  the  neutral  axis.  When  f  is  assumed  to  be 
the  elastic  limit  of  the  reinforcing  metal  c  may  be  computed.  As 
noted  above,  in  the  stone-concrete  beams  tested  by  the  writer,  the 
elastic  limit  of  the  iron  was  reached  before  the  concrete  failed  in 
compression. 

The  resisting  moment  of  the  section  is  then 

M  =  bh-'    -'  -ex-  +  pf  (u— x)  '- (5)' 

f  12  \ 

*T<:  1    .u  4  -^  3p  m  u 

*  If  n  ^  1,  then  x  =    .    .   .. 

4  -f-3  p  m 


CROSS-BENDING  TESTS  ON  BEAMS  OF  REINFORCED  CONCRETE. 

Prof.  Malverd  A.  Howe,  Rose  Polytechnic  Inst.,  Terre  Haute,  Ind. 
Presented  April  6,  iqo4. 

Through  the  courtesy  of  the  St.  Louis  Expanded  Metal  Fire- 
Proofing  Company,  of  St.  Louis,  Missouri,  I  am  able  to  give  you 
the  results  of  a  series  of  tests  recently  made  at  the  Rose  Poly- 
technic Institute,  under  my  direction,  upon  beams  of  concrete  re- 
inforced with  corrugated  steel  bars. 

The  object  of  the  test  was  to  obtain  the  actual  strength  in 
cross-bending  of  full  size  concrete  beams  reinforced  with  corru- 
gated bars,  according  to  the  formula  of  Mr.  A.  L.  Johnson.  It 
was  afterwards  decided  that,  in  conjunction  with  the  determina- 
tion of  the  cross-bending  stength,  there  should  also  be  recorded 
the  deflections  and  the  movement  of  the  neutral  axis. 

In  order  that  the  concrete  and  steel  should  represent  products 
likely  to  obtain  in  practice.  Atlas  cement,  bank  sand,  crushed  rock 
and  corrugated  steel  bars  were  purchased  in  the  open  market. 
The  mixing  was  done  by  a  local  contractor  of  experience,  with  his 
own  gang  of  men  and  in  the  manner  he  ordinarily  employed. 

The  quality  of  the  materials  was  in  general  good.  The  cement 
was  satisfactory  in  every  way.  The  sand,  while  containing  some 
"dirt"  in  the  form  of  yellow  cla^',  was  a  fair  representation  of  bank 
sand  used  in  Terre  Haute.  The  crushed  limestone  was  in  two 
parts,  one  coarse  and  the  other  fine,  the  two  mixed  forming  the 
run  of  the  crusher.  The  coarse  stone  would  pass  a  screen  of  one 
and  one-half  inch  mesh  and  would  stop  at  one  of  one-half  inch  mesh; 
and  the  fine  stone  would  all  pass  a  screen  of  one-half  inch  mesh. 
The  corrugated  steel  bars,  when  tested,  showed  an  elastic  limit  of 
about  60,000  lbs.,  and  an  ultimate  strength  of  about  100,000  lbs. 
The  areas  of  the  bars  were,  in  general,  as  advertised  with  the  ex- 
ception of  the  3^ -inch  bars,  which  were  found  to  be  about  20  per 
cent  under  size. 

The  proportion  of  cement,  sand  and  stone  was  practically  one  of 
cement  to  seven  parts  of  sand  and  stone. 

The  mixing  was  done  on  a  concrete  floor.  The  dry  materials 
were  placed  in  layers  in  the  following  order,  stone,  sand  and 
cement.  The  mass  was  then  turned  twice  dry  and  then  twice  wet, 
the  water  being  introduced  from  a  hose.  The  mixture  was  then 
shoveled  into  barrows  and  wheeled  to  the  molds  and  dumped  over 
the  sides.  Four  to  six  inch  layers  were  deposited  the  full  length 
of  the  molds  and  tamped  with  iron  tamping  bars.  The  first  two 
batches  were  moderately  dry  and  the  others  pretty  wet  and  re- 
quired but  little  tamping. 


/ 

[i-a 

2. 

□ 

J 

o 

^ 

i.'.'jl: 

sS 

□ 

€a. 

rn 

e^ 

1 . .' 

«-  ■?>"- 


-#^^ 


-ar-----J' 


/O'     ■SjDai/7  *    I,} 


^SziZ3i-7" 


^i 


^^T^f 


]V 


^'o' 


si- 


/•S-' 


j<g'  j  g'  vj#'' 


j,<re^^>^ 


r^iv 


/.^' 
■(^'g" 


.-y ' ' 


/O' 


•  -  »■  -  — --' — 


>r'0"- 


-/•?' 


/^i' 


0  ®^cr:^7:T7"i^  .__/fAm 


* 

1 
1 

1-  -1 

1      'V    ^    „                                 A 

_  j_  _ 

i 

— -* 

s'  o' 


itfL 


/8 


Tlate  1. 


*  Veitical  J^  inch  corrugated  bars  placed  as  shown  and  not  atliichcd  to  horizontal  bars. 
**The  ends  of  the  reinforcing  bars  bent  as  shown  in  sketch  below  beam  No.  11. 
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Very  rigid  knock-down  moulds  were  used  and  no  special  means 
employed  to  obtain  a  smooth  surface  on  the  concrete,  other  than 
that  given  by  mill  finished  lumber.  The  moulds  were  not  wet  be- 
fore being  filled  and  were  not  removed  until  the  beam  was  to  be 
tested.  The  beams  were  seasoned  in  basement  rooms  of  a  temper- 
ature of  about  65  degrees  F. 

Table  I.  shows  the  general  dimensions  of  the  beam  and  the  ar- 
rangement of  the  steel  bars.  Although  the  beams  were  widely 
different  in  the  dimensions  of  length  and  depth,  yet  all  were  de- 
signed on  the  same  basis,  the  same  percentage  of  steel  being  in- 
tended for  each  beam. 

From  each  batch  of  concrete  two  prisms,  6x6x9  inches,  were 
made  for  compression  tests.  Unfortunately,  however,  so  little  care 
was  taken  in  filling  the  moulds  that  the  specimens  were  very  por- 
ous and  non-homogeneous ;  consequently  the  results  of  the  com- 
pression tests  were  of  little  value. 

In  testing  a  beam  the  ends  were  supported  in  stirrups,  free  to 
swing  on  knife  edges  at  about  the  center  line  of  the  beam,  as  shown 
in  Fig.  I.  Two  equal,  concentrated  loads  were  applied,  symmetri- 
cally about  the  center  of  the  beam,  through  knife  edges  in  rolling 
seats,  thereby  producing  a  constant  bending  moment  between  the 
points  of  application  of  the  loads  (excepting  the  variable  moment 


TABLE  I. 

MAKE-UP    AND    DIMENSIONS    OF 

BEAMS. 

Beam. 

Made 
1903. 

Concrete 
Batch. 

Number 

and  Size 

of  Steel 

Bars. 

N'm'nal 
Areas 

Actual 

Net 

Areas 

of  Steel. 

Dist.  Ctr. 
Steel  be- 
low top  of 
Beam  d. 

Total 
Depth 

of 
Beam. 

Breadth 

of 
Beam. 

Leneth 

of  Beam 

Over 

All. 

1 

2 

3 
4 
5 

6a 
66 
^c 
(id 
i)e 
la 
lb 
Ic 
Id 
le 
8 
9 
11 

Oct.  13 

Oct.  13 

Oct.  13 

Oct.  14 

Oct.  14 

Oct.  14 

Oct.  14 

Oct.  14...    . 

Oct.  14 

Oct.  15 

Oct.  13 

Oct,  13 

Oct.  14 

Oct.  14 

Oct.  14 

Oct.  13 

Oct.  13 

Oct.  14 

1 
1 

2-3 

9 

5 

6 

0 

,8 
G-7 

12 
3-4 

4 
9-10-11 

7 

9 

2 

5 

8 

IN. 

\-% 
(i-}2 

3-K 
3-1^ 

3-3^ 
3-3^ 

3-K 

^-H 

4-K 
A-H 
4-H 

2-7/s 

3-% 
2-1 

SQ.  IN. 

0.36 
0.54 
0.72 
1.08 

0  74 
1.11 
1.11 
1.11 
1.11 
1.11 
1.48 
1.48 
1.48 
1.48 

1  48 
1.10 
1  65 
1  40 

SQ.  IN. 

0.36 
0.54 
0.72 
1.08 
0.60 
0.90 
0.90 
0.90 
0.90 
0.90 
1.20 
1.20 
1  20 
1.20 
1.20 
1.06 
1.59 
1.40 

IN. 

4% 
6% 

12^ 

8K 
13 
13 
13 
13 
13 
175^ 

11% 

123/ 

IN. 

5 

7 

9/2 
14 
10 

14K 
14;^ 

u% 
uy^ 

19 
19 
19 
19 
19 
14 
21 
18 

IN. 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12. 

12 

FT.    IN. 

12  0 
14  0 
17  0 
17  0 
14  0 
17  0 
17  0 
17  0 
17  0 
17  0 
19  6 
19  6 
19  6 
19  6 
19  6 
17  0 
19  6 
19  6 

•24'< 
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TABLE  II, 

MAXIMUM    LOADS    AND    MOMENTS. 


Load  when 

Span 

Dist. 

Total 

Total 
Max, 
Load. 

Conip.    Fail- 

Max. 

Theoi'tic'l 

See 
Foot 
Note 

Hcani. 

Age  in 
Days. 

End 

be  I  wee  ii 
Loading 

Weight 

of 

ure  wa-. 
marked. 

Moment 
IWWs   ot 

Moment 
Johnson'!) 

Support. 

Points. 

Beam. 

LoadFall'ng 

in  Lbs. 

Formula. 

offfr'mMax, 

hT.      IN. 

FT.      IN. 

LBS. 

LB-. 

LBS. 

LBS. 

LBS. 

1 

74 

10    0 

3     4 

825 

4200 

3400 

94.3 

80.6 

0 

76 

12     0 

4     0 

1150 

8100 

5100 

212.2 

174.3 

3 

72 

15     (1 

5     0 

2000 

12100 

402  7 

322  2 

4 

73 

15     0 

0 

28(iO 

19400 

929  8 

725.6 

1 

5 

71 

12     0 

4     0 

1700 

11900 

311.9 

283.0 

()(( 

71 

15     0 

5     0 

2935 

18300 

(5117.2 

6-J5.0 

06 

69 

15     0 

5     0 

2950 

19325 

icisoo  " 

63S  3 

()25.0 

Gc 

115 

15     0 

5     0 

2450 

20400 

19100 

()()6.3 

625.0 

M 

29 

15     0 

3     0 

2960 

1550(1 

61(i  8 

(525.0 

^ 

6f 

29 

15     0 

3     0 

3125 

r;ooo 

692.0 

625  0 

;i 

la 

78 

18     0 

6     0 

4450 

3U0->0 

"28500 

1189.4 

1121.0 

lb 

78 

IS     0 

6     0 

4325 

29000 

23600 

1152.0 

1121.0 

".c 

70 

17     9 

()     0 

3800 

30100 

1142.9 

1121.0 

Id 

68 

18     0 

8    0 

445(1 

29900 

1006.4 

1121  0 

4 

-ie 

77 
77 

17     6 
15     0 

3     0 
5     0 

4200 
2900 

22800 
23300 

1090.7 
756.5 

1121.0 
725.0 

.'. 

8 

"22366 

9 

77 
75 

18     0 
IS     0 

6     0 
G     0 

4850 
4225 

34800 
29000 

1373.7 
1149,3 

1652.6 

1177.8 

6 

11 

'25700" 

'   14000  applied  6  ft.  6  in.     Removed  and  loaded  in  center.      Failed  at  load. 
-  Failed  by  Comp,  near  center. 

*  Failure  same  as  60^.     Made  of  gravel  from  pit. 

*  Several  repetitions  of  load.     Failed  b)'  shearing. 
^  Repeated  loads.     Failed  by  shearing, 

^  Failed  by  shearing. 

produce(^  by  the  weight  of  the  beam).  The  rolling  seats  for  the 
knife  edges  were  supported  by  ^  x  4-inch  steel  plates,  bedded  in 
plaster  of  paris  on  top  of  the  beam.  This  arrangement  is  shown 
in  Fig.  2,  for  beam  No.  8. 

The  vertical  deflections  were  read  directly  from  a  scale  on  the 
side  of  the  beam  at  the  center  by  means  of  a  silk  thread  fastened 
opposite  the  knife  edges  of  the  end  stirrup. 

Measurements  for  the  determination  of  the  relative  positions  of 
neutral  axis,  under  different  loads,  were  made  in  the  following 
manner :  Four  yokes  were  fastened  to  the  beam  by  conical  points 
in  the  positions  shown  in  the  photograph  of  Beam  No.  8,  Fig.  2. 
These  were  connected  by  wooden  strips,  as  shown,  and  the  relative 
positions  of  these  determined  at  the  top  and  bottom  by  means  of  a 
silk  cord  fastened  to  one  and  running  over  a  graduated  arc  fastened 
to  the  other.  The  first  readings  of  the  arcs  were  taken  under  a 
small  initial  load.  'J'he  data  obtained  can  best  be  illiistratetl  b)' 
giving  the  complete  notes  for  Beam  No.  8. 
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Beam  No.  8.       Tested  December  29,    1003. 

Span,  c-c  of  end  stirrups .    .  .  .  .  .  .  l.i  ft.    0  ins. 

Span,  c-c  of  concentrated  loads 5  ft.     0  ins. 

Distance,  c-c  of  e.xtensometers 6  ft.     0  ins. 

Length,  out  to  out,  of  beam 17  ft.  1 1  ins. 

Weight  of  beam 2900  lbs. 

Vertical  distance  between  conical  points  of  extensometer  yokes 12^  ins. 

Vertical  distance  between  graduated  arcs  on  extensometers 27)'s  ins. 

(Lower  arc  opposite  lower  conical  point.) 

Total  Con.  Ver.  Deflec- 

Load.  tion  at  Cen- 

Lbs,  tre.     mm.         Upper  Arc.       Lower  Aic.  Remarks. 

1100  44.2  142.6  2  4 

2100  44.8  141.4  2.6 

3000  45.0  139.8  3.2 

4000  55.6  137.4  4.2 

5000  46.2  133.8  5  8 

6000  47.8  128.2  8.4 

7000  48.6  124  4  10.2 

8000  49.8  120  0  13.0 


9009 
10000 


11000 
12000 
13000 
14000 
15000 
16000 
17000 
18000 
19000 
20000 

21000 
22000 
2  000 
23200 
23300 
22765 
22000 


50.8 
52.0 


53.2 
54.4 
55.6 
56.8 
58.0 
59,2 
60.6 
61.8 
63.0 
64.4 


115  6 
111.4 


108.8 
107.2 
90.4 
93.4 
89.2 
84.6 
80.0 
75.4 
70  0 
65  0 


15.0 
17.2 


19.2 
21.6 
23.  () 
25 . 6 
27  6 
30.0 
32.0 
34.0 
36  4 
37.4 


Crack  12  ins.  E  of  W  load. 

Crack  6  ins.  E  of  Center,  8  ins.  W  of 

Centre,  14  ins.  W  of  Centre,  4  ins. 

E  of  W  load,  18  ins.  E  of  W  load. 


65.9  59.4  40.4 

67.5  53.4  43.2 

69.9  46.8  45.8 

95.0 

105.0   (Max.  Load). 
135.0 
145.0  (Comp.  failure  30  ins.  W  of  centre). 


Crack  under  W  load,  shear  crack  2  ins. 
above  bottom,  extending  18  ins.  E 
of  W  load. 
Crack  6  ins.  W  of  E  load. 
Crack  12  ins.  W  of  W  load. 
Crack  under  E  load  15*^  with  vertical. 


Crack  6  ins.  W  of  Center. 


Longitudinal  crack  5  ins.  above  bot- 
tom at  both  ends. 


The  general  make-up  of  each  beam  is  clearly  shown  by  Plate  I. 
and  Table  I.  Table  II.  gives  the  result  of  the  tests  in  terms  of  the 
loads,  bending  moments  and  mode  of  failure.  Table  III.  was  com- 
puted by  Johnson's  Formula  using  the  value  of  y,  obtained  from 
the  experiments.  This  value  was,  in  most  cases,  found  graphic- 
ally. For  four  beams,  however,  it  was  computed  and  the  resulting 
values  plotted.  These  lines  showed  that  at  the  commencement  of 
the  loading  the  neutral  axis  was  below  the  centre  of  the  beam.  As 
the  load  increased  in  magnitude,  the  axis  moved  upward  very  rap- 
idly until  cracks  commenced  to  appear  on  the  bottom  of  the  beam; 
then  the  axis  remained  approximately  in  the  same  position  as  long 
as  the  concrete  did  not  show  signs  of  failure  in  compression,  as  in- 
dicated by  the  drop  of  the  scale  beam.     At  or  near  the  end  of  the 
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TABLK  III. 

FIBRE  STRESSES  ACCORDING  TO  JOHNSON 's  FORMULA   AND  EXPERIMENTAL  J>'i. 


Center  of 

Neutral  Axis 

Ma.\.  Stress 
in  Concrete 

Concrete 

in  Tension 

Lbs.  per 

Sq.  inch. 

Steel  in 

Batch 

See 

Beam. 

Top  of 

Beam. 

d 

Below  top  of 
Beam. 

y. 

in  Comp. 
Lbs.  per 
Sq.  inch. 

Tension.    Lbs. 
per  Sq.  inch. 

in  Top  of 
Beam. 

Foot 
Note 

1 

IN. 

OA'ni 

1700 

170 

66000 

1 

•> 

6X 

QA^d 

1!)U0 

190 

66000 

I 

1 

3 

8>2 

U.38rf 

2300 

230 

64000 

3 

- 

4 

12^4^ 

0.34rf 

2o00 

250 

64800 

9 

3 

5 

^H 

0.42rf 

1500 

150 

60500 

5 

6a 

13 

0.37^/ 

1500 

150 

51000 

6 

66 

13 

U.37rf 

iriOO 

150 

54000 

6 

4 

6c 

13 

i)A-ld 

MOO 

14(1 

58300 

8 

6^ 

13 

t 

'•> 

6e 

13 

17^ 

*  57000 

12 
4 

'■> 

7a 

0.39rf 

KiOO 

160 

(i 

lb 

l^i% 

0.53flr 

1(300 

1()() 

53500 

4 

' 

7c 

ri% 

0 , 3()rf 

1600 

160 

53500 

U 

7c? 

11% 

0.3.W 

1400 

140 

47600 

1 

N 

le 

ri% 

o.md 

1600 

1  ()0 

52200 

9 

8 

8 

V2H 

0 .  ^fad 

•2000 

20U 

54000 

•) 

9 

19^ 

<dAOd 

1400 

140 

45000 

;^ 

9 

11 

1<3>4" 

0.39rf 

1700 

170 

50500 

8 

10 

Reset  upper  arc  at  6000  lbs. 

Cord  of  upper  arc  touched  at  7000  lbs. 

Center  load,  hence  axis  may  not  be  correctly  located. 

Repeated  loading. 

No  records  for  Vj. 

Cord  of  upper  arc  touched  at  25000  lbs. 

Cord  of  lower  arc  touched  at  6000  lbs. 

Repeated  loads  and  failed  in  shear. 

Failed  in  shear. 

Upper  cord  touched  at  16000  lbs. 


TABLE  IV. 

FIBRE  STRESSES  ACCORDING  TO  COMMON  THEORY  AND  EXPERIMENTAL   Y] 


Ma.\.  Comp. 

Tension 

Tension 

Beam. 

in  Concrete 

in 

in  Steel 

RE^L\RKS. 

Lbs.  per  Sq.   in. 

Conciete. 

Lbs.  per  Sq.  in. 

1 

2120 

d 

76500 

See  Table  III. 

o 

2380 

o 

765(W 

3 

2870 

c 

74300 

4 

3100 

75500 

5 

1900 

o 

5(5(100 

6« 

1900 

0) 

59300 

()6 

1900 

62500 

6c 

1750 

O 

S 

67700 

Old 

{\e 

la 

2000 

E 

()6400 

76 

2000 

62000 

7c 

2000 

rt 

62000 

Id 

1800 

(U 

55500 

7c 

2000 

s 

(iOOOO 

8 

2500 

u 

c 

64200 

9 

1750 

c 
U 

52200 

11 

1         2100 

5X100 
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experiment  the  axis,  sometimes,  not  always,  dropped  suddenly. 
(See  Figs.  3,  4  and  5.) 

The  values  of  y,  are  probably  in  error,  but  not  enough  to  be  of 
any  practical  importance.  The  travel  of  the  neutral  axis  is  cor- 
rectly obtained  by  the  methods  employed  (assuming  that  a  plane 
section  remains  plane  after  its  distortion  of  the  fibres),  but  its 
exact  location  in  reference  to  the  centre  of  the  beam  is  not  known, 
as  the  experiments  were  commenced  under  an  initial  load  including 
the  weight  of  the  beam. 

Table  IV.  was  computed,  using  the  same  values  of  y,  as  em- 
ployed in  Table  III.,  under  the  assumption  that  the  concrete  re- 
sisted no  tension,  and  that  in  compression  the  distortion  of  the 
concrete  was  proportional  to  the  stress  producing  it. 

Throughout  the  entire  series  of  experiments,  the  curves  of  de- 
flection and  extension  showed  a  marked  similarity.  The  appear- 
ances after  tests  of  six  of  the  eighteen  beams  tested,  and  the  plot- 
tings  of  the  result  obtained  for  three  of  the  beams  are  very  clearly 
shown  in  Figures  6  to  14  inclusive,  and  illustrate  the  general  char- 
acteristics of  the  beams.  These  diagrams  were  prepared  by  Mr. 
T.  L.  Condron,  M.  W.  S.  E.,  from  the  original  records  of  the  tests. 
By  plotting  the  upper  and  lower  extensometer  readings  in  their 
correct  relative  position  as  regards  the  beam,  and  connecting  the 
corresponding  points  with  rays,  the  intersection  of  these  inclined 
rays  with  the  initial  v'ertical  line,  determines  the  location  of  the 
neutral  axis  at  each  stage  of  the  test.  It  will  be  noted  that  these 
diagrams  show  in  another  way  the  same  movement  of  the  neutral 
axis  as  do  Figs.  3  to  5  inclusive,  already  referred  to.  The  distance 
of  the  neutral  axis  above  the  plane  of  reinforcing  is  given  for  the 
highest  position  of  the  neutral  plane  and  not  for  the  position  at  the 
time  of  maximum  load.  In  these  diagrams  the  deflections  are  given 
in  decimals  of  an  inch.  The  extensometer  readings  are  plotted  as 
observed.  Ten  divisions  on  the  extensometers  equaled  0.03932 
inches  or  approximated  255  divisions  to  the  inch. 

The  small  circles  and  letters  on  the  deflection  curves  indicate 
where  fine  hair  cracks  were  first  observed  in  the  concrete  on  the 
tension  sides  of  the  beams  and  the  relative  position  of  these  first 
cracks  is  shown  on  the  small  sketches  on  each  diagram. 
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Fig,  2. 
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Fii-  fi 


Depth  5  inches,  Span   |i'  teet. 


Fig.  7,  Beam  No.  :{.      Depth  Dji  inches,  Span  l."t  feet. 
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/o       eo       JO      •«'      ^a      6o       70       80       sio      ^°o 


Fig.  8.     Location  of  the  Neutral  Axis  and  the  Curves  of  Deflection  and  Extenso- 
meter  Readings,  Beam  No.  3. 
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Fig.  9,  Beam  No.  5.     Depth  10  inches,  Span  12  feet. 


Fig.  10,   Beam  No.  (ie.      (Gravel  )      Hcptli  1  I'j  inches,  Span  1.')  feet. 
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Fig.  11.      Location  of  the  Neutral  A.xis  and  the  Curves  of  Deflection  and  Extenso- 
meter  Readings,  Beam  No.  (ic. 


Houc — Cyoss-Bt-mfinir  Tests  of  Steel-Concrete  Beat 


Fig.  12,  Beam  No.  Ta.      Depth  1!>  inches,  Span  IS  feet. 


Fi^'.  i:!,   iicam  No.  !».      Dt-pih  -J!  inchfs,  Span   IS  It-et. 


Hoivc — Cross-Betiding  Tests  of  Steel  Coticrete  Beams. 
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Fig.  14.     Location  of  the  Neutral  Axis  and  the  Curves  of  Defltction  and  Extenso- 
meter  Readings,  Beam  No.  8. 
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DISCUSSION. 


Mr.  J.  II'.  Sc/iaiib  {by  Icttery  -The  crack  which  sometimes  appears 
near  the  end  of  a  reinforced  concrete  beam  has  been  widely  desig- 
nated as  a  shear  crack,  or  a  crack  due  to  end  shear.  This  crack  is 
not  due  to  a  shear  any  more  than  a  crack  near  the  middle  of  the 
beam  is  caused  by  shear.  The  crack  is  simply  due  to  the  failure  of 
the  concrete  in  tension,  and  when  this  crack  occurs  near  the  end  of 
the  beam,  it  is  invariably  due  to  a  slipping  of  the  metal  in  the  con- 
crete. This  slipping  starts  at  the  ends,  when  the  concrete  alone 
cannot  carry  the  tension,  and  fails.  To  be  sure,  there  is  a  longitu- 
dinal shear  between  the  concrete  and  the  metal,  near  the  ends  of  the 
beam,  and  this  is  the  cause  of  the  slipping,  but  the  crack  which 
starts  on  the  tension  face  is  not  caused  by  a  shearing  on  the  con- 
crete. 

If  the  factor  of  safety  should  be  fixed  with  reference  to  the  ap- 
pearance of  the  first  crack,  I  fail  to  see  how  a  high  tension  steel  will 
augment  the  strength  of  the  beam.  To  be  sure,  a  high  steel  may 
delay  the  opening  of  this  crack,  but  a  beam  which  shows  a  crack  has 
failed,  and  can  find  no  place  in  a  structure  which  is  designed  to  do 
its  work  inside  of  the  elastic  limits  of  its  materials. 
Assuming  a  reinforced  concrete  beam  in  tension, 

let  ^  equal  the  extension  of  a  unit  of  length  ; 

let  p  denote  the  stress ; 

let  1  denote  the  length ; 

let  E  denote  the  modulus  for  steel  =:  30,000,000. 

„,  pi      ,  _  X  30,000,000 

1  hen  ±  =  —,  whence  p  = ~ — , 

E  1 

•    The  extension  j\  has  been    found   by  all  experimenters  to  be, 

within  safe  limits,  not  more  than  yoVtt-     Some   results  have  shown 

^Jj^iy,  but  they  are  unusual.     Then  for  the  condition  of  the  first  crack 

we  have : 

Assuming  _  =  ^^oVo;  and  1  =  unity;  then  p  =  ^"-TiFTfiy"'" 
^=  30,000  pounds. 

This  is  the  stress  on  the  steel,  for  this  condition,  the  concrete 
having  been  eliminated  owing  to  the  crack.  Therefore,  as  far  as 
the  first  crack  is  concerned,  it  makes  no  difference  what  the  elastic 
limit  may  be,  the  stress  on  the  steel  is  near  30,000  pounds.  It  is 
usually  taken  at  36,000  pounds  in  order  to  be  safe,  and  provide  for 
a  greater  extension  than  assumed. 

Mr.  L.  K.  SJurviati  {by  letter)  —  I'rof.  Hatt  gives  figures  for  the 
Modulus  of  Elasticity  of  concrete.  I  do  not  think  that  it  is  correct 
to  use  a  constant  value  of   E  for  all  stresses  in  reinforced  concrete. 

With    concrete,    the    stress    is    not    pro]H)rtional    to    the    strain. 
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Hence  the  modulus  of  elasticity  is  not  a  constant.  E  varies  with 
the  loading  and  is  greater  with  the  lesser  stress. 

Experiments  by  C.  Bach  on  the  elasticity  of  concrete  (See  Journal 
of  W.  S.  E.,  vol.  I,  page  84)  show  this  law  to  good  advantage. 

Now  as  E  is  used  in  all  concrete-steel  beam  formulae,  it  seems  to 
me  that  when  we  wish  to  determine  stresses  under  working  loads, 
we  should  use  the  value  of  E  as  found  by  experiments  made  under 
working  stresses. 

Similarly,  when  we  wish  to  proportion  a  concrete-steel  beam  for 
ultimate  loading,  we  should  use  the  value  of  E  that  corresponds  to  an 
ultimate  load.     This  value  of  E  will  be  the  least. 

A.  L.  Johnson  {by  letter) — The  speaker  does  not  agree  with  the 
statements  just  made  by  Mr.  Schaub.     He  says  that  in  Fig.  i  the 


crack  at  the  end  of  the  beam  may  be  illustrated  by  the  lines  a  c . 
beginning  as  a  tension  failure  at  a,  and  that  this  is  shown  in  the 
photographs  of  Professor  Howe's  tests.  This  is  not  the  case,  how- 
ever. The  crack  began  as  a  horizontal  shear  crack  at  b  and  followed 
the  line  be,  the  part  ab  afterwards  dropping  off.  At  the  end  of  a 
beam,  the  elongation  on  the  bottom  fibre  is  so  slight  that  a  crack 
at  a  is  exceedingly  improbable  unless  all  the  tension  is  thrown  into 
the  concrete  alone,  the  bar  pulling  out  of  its  anchorage.  With  plain 
bars  this  is  a  common  occurrence.  In  all  the  tests  made  last  year 
at  the  University  of  Wisconsin  the  beams  with  plain  bar  reinforce- 
ment failed  by  the  slipping  of  the  bars  at  the  end  of  the  beams. 

In  such  reinforcements  as  used  in  the  tests  made  by  Prof.  Howe, 
however,  failure,  if  by  shear  at  all,  will  be  along  the  plane  above  the 
metal  reinforcement  and  then  upward  as  shown  by  the  line  be  in 
Fig.  I.  Where  a  center  load  is  used  however,  failure  along  the  line 
ac  is  a  common  occurrence,  but  in  this  case  it  is  near  the  loading 
point. 

Mr.  Schaub  also  asks  why  we  should  use  a  higher  limit  of  elas- 
ticity in  the  metal  reinforcement  than  just  sufficient  to  develop,  in- 
side this  limit,  the  extensibility  of  the  armored  concrete,  which  he 
says  has  been  shown  to  be  .0010  ;  which  corresponds  to  an  elastic 
limit  in  the  steel  of  30,000  pounds  per  square  inch. 

To  this  the  speaker  would  reply  that  Mr.  Schaub's  argument  is 
correct,  but  his  limit  of  the  extensibility  of  the  concrete  is  in  error. 


2r)t5  Vis(  ussion  —  Concrete  fleams 

The  extensibility  of  the  concrete  in  the  Terre  Haute  tests,  as 
measured  by  an  extensometer  on  the  bottom  of  the  beams,  was 
variable  and  was  considerably  affected  by  the  degree  of  dryness  of 
the  concrete.  But  one  of  the  beams,  No.  2,  showed  a  proportion- 
ate elongation  at  the  first  noticeable  crack  of  .00153  and  several  of 
the  beams  had  only  very  slight  cracks  at  .0018.  The  first  value 
corresponds  to  an  elastic  limit  in  the  steel  of  45,900  pounds  per 
square  inch  and  the  second  value,  to  54,000  pounds  per  square  inch. 
In  structures  built  in  the  open  air  much  more  extensibility  will  be 
obtained  in  the  concrete  than  in  those  under  cover. 

Under  these  circumstances  therefore,  the  speaker  considers  a  high 
elastic  limit  very  desirable,  warranting  considerable  extra  expense 
for  the  metal,  to  obtain  it.  As  a  matter  of  fact,  however,  it  costs 
no  more  than  low  elastic  limit  material.  It  must  be  remembered 
also  that  in  steel-concrete  structures  the  ultimate  strength  of  the 
structure  should  be  taken  at  that  load  that  develops  the  elastic  limit 
in  the  metal  reinforcement.  By  using  a  small  percentage,  0.75  per 
cent,  for  example,  of  soft  steel  reinforcement  it  is  possible  to  devel- 
ope,  with  good  concrete,  considerably  more  than  the  elastic  limit 
stress  in  the  steel,  even  breaking  the  latter  entirely  apart,  if  the 
concrete  is  of  sufficient  crushing  strength.  Whether  cracks  have 
developed  ni  the  concrete  or  not,  and  whether  sections,  plane  before 
bending,  are  now  plane  or  not,  there  is  one  condition  that  is  true  in 
any  case ;  that  is,  that  the  total  tension  below  the  instantaneous 
neutral  axis  is  equal  to  the  total  compression  above  that  axis. 

Now  if  the  concrete  below  the  neutral  axis  has  been  ruptured, 
which  is  of  course  the  case  if  the  metal  has  passed  its  elastic  limit, 
and  if  the  percentage  of  metal  is  small,  then  the  neutral  axis  may 
rise  very  close  to  the  top  of  the  beam  and  still  provide  enough  com- 
pression strength  in  the  concrete  to  equal  the  tensile  strength  of 
the  steel.  This  puts  the  latter  at  considerable  distance  from  the 
axis  and  hence,  slight  deflections  of  the  beam  produce  large  stretches 
in  the  metal,  which  might  easily  amount,  at  the  section  of  maximum 
stress,  to  the  full  elongation  of  which  the  metal  was  capable  at 
rupture.  In  this  case  the  carrying  capacity  at  rupture  would  of 
course  be  somewhat  more  than  it  would  be  at  the  elastic  limit  of 
the  metal ;  but  the  cracks  in  the  beam  would  be  so  large  and  numer- 
ous as  to  soon  lead  to  the  destruction  of  the  beam  and  in  the 
speaker's  judgment  it  would  be  wholly  improper  to  evaluate  the 
capacity  of  the  beam  beyond  that  at  the  elastic  limit  of  the  metal. 
Beams  reinforced  in  the  above  manner,  with  only  one  half  the 
proper  quantity  of  metal  reinforcement,  will  of  course  deflect  greatly 
before  developing  the  maximum  load,  and  would  therefore  develop 
considerable  ultimate  resilience,  l^ut  there  is  nothing  so  desirable 
in  this  quality  as  to  warrant  paying  anything  for  it.     The  elastic 
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resilience  is  of  some  importance,  but  this  would  be  small  with  such 
reinforcement. 
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Fig.  2. 

The  most  economical  percentages  of  metal  of  low  and  high  grades 
are  shown  in  Fig.  2.  From  this  it  will  be  seen  that  the  most  econ- 
omical beam  reinforced  with  material  having  an  elastic  limit  of  50,- 
000  pounds  per  square  inch  costs,  at  the  prices  shown,  only  about 
two  thirds  as  much  as  the  most  economical  beam  of  the  same  strength 
where  soft  steel  is  used.  The  most  economical  beam  with  the  high 
grade  material  is  with  the  one  per  cent  reinforcement ;  with  the  low 
grade  material,  1.5  per  cent  reinforcement.  This  latter  percentage 
has  been  separately  discussed  by  Professor  Hatt  by  his  formula  and 
the  .same  result,  i.  e.,  1.5  per  cent  arrived  at  as  that  most  economical 
to  use  where  soft  steel  is  employed. 

For  the  conditions  existing  in  practice  where  the  maximum  load 
is  more  or  less  uniformly  distributed,  the  beam  reinforced  with  high 
elastic  limit  material  has  another  advantage  over  the  soft  material 
in  that  there  is  less  liability  to  shear.     It  has  a  greater  liability  to 
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shear  when  tested  by  two  loadinf:^  points  some  distance  apart,  as  is 
usually  the  case  in  laboratory  tests.  This  is  because  at  the  elastic 
limit  the  tension  cracks  will  be  nearer  the  support,  giving  less  an- 
chorage for  the  bar,  than  where  double  the  quantity  of  low  elastic 
limit  material  is  employed. 

Two  of  the  tests  reported  by  Professor  Howe,  No.  y-d  and  No.  9, 
failed  in  this  manner  at  about  nine-tenths  the  full  theoretical  mo- 
ment load.  At  this  time  there  were  fine  cracks  some  little  distance 
outside  the  loading  points.  Dividing  the  stress  on  the  bars  at  the 
section  of  crack  nearest  the  support,  by  the  horizontal  area  of  the 
beam  from  there  to  the  end,  and  then  multiplying  by  two — as  the 
maximum  shearing  stress  at  the  section  would  be  probably  double 
the  average — the  writer  got  approximately  300  pounds  per  square 
inch  shearing  stress  in  these  beams  at  the  time  of  failure,  which  is 
probably  all  that  the  concrete  was  capable  of  standing. 

Such  a  shearing  stress  is  entirely  different  from  those  ordinarily 
considered,  and  has  little  existence  in  actual  practice.  Laboratory 
tests,  therefore,  to  be  of  reliable  practical  value,  should  be  made  with 
as  near  a  uniform  load  as  possible. 

With  such  a  load  the  shearing  stress  will  be  of  the  ordinary  cal- 
culable kind  and  will  be  less  with  the  high  elastic  limit  reinforce- 
ment, inasmuch  as  the  material  requires  a  somewhat  greater  depth 
of  concrete,  which  of  course  reduces  the  shearing  intensity. 

There  is  one  point  that  the  speaker  would  call  attention  to  in 
connection  with  Professor  Hatt's  formulae.  His  general  equation 
for  the  location  of  the  neutral  axis,  %cx  =  %  t(i-x)  +  pf  is  the  only 
true  one  for  the  ultimate  value  of  c,  the  compressive  stress  on  ex- 
treme fibre.  Hence  the  general  equation  for  the  moment  of  re- 
sistance is,  after  all,  not  a  general  equation,  but  applicable  only  to 
the  full  load  of  the  beam.  Professor  Hatt  assumes  that  the  com- 
pressive stress  diagram  for  the  concrete  is  a  parabola  with  its  vertex 
at  the  end,  or  near  the  end  of  same.  This  is  sufficiently  correct  for 
all  practical  purposes  as  the  writer  can  testify  from  his  own  exam- 
ination of  such  diagrams.  The  area  of  this  whole  diagram  is  two- 
thirds  that  of  the  enclosing  rectangle  according  to  the  property  of 
a  parabola.  But  this  is  only  true  when  the  vertex  of  the  parabola 
is  on  one  of  the  sides  of  the  rectangle.  If  we  take  the  first  part  of 
the  stress  strain  diagram  which  is  what  would  be  used  for  light  loads, 
the  area  would  be  very  close  to  one  half  the  enclosing  rectangle  in- 
stead of  two  thirds  of  same.  It  seems  to  the  speaker  therefore  that 
while  his  formulae  are  of  the  correct  form  for  tTie  n\aximum  load, 
and  will  give  good  results  for  this  case  by  the  insertion  of  readily 
determinable  rational  empirical  coefficients,  they  are  not  of  the  cor- 
rect form  for  light  loads,  and  agreement  with  the  tests  can  only  be 
obtained   by  the  insertion  of  artificial  coefficients  having  different 
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values  for  different  degrees  of  loading.  All  of  this  trouble  arises 
through  not  having  the  vertex  of  the  curve  at  the  origin  of  coordi- 
nates, as  it  is  not  otherwise  practicable  to  get  a  relation  between  the 
area  of  the  stress  strain  diagram  and  the  compressive  stress  itself. 
If  however  the  vertex  of  a  parabola  is  put  at  the  origin  of  coordinates 
we  have  the  wholly  artificial  condition  of  an  infinite  modulus  of  elas- 
ticity at  the  beginning  of  the  loading.  This  condition  however  ex- 
ists but  for  a  very  short  time  and  the  speaker  is  of  the  opinion  that 
it  would  be  the  best  method  even  where  the  parabola  is  used.  Pro- 
fessor Bach  gives  the  following  equation  for  the  curve  of  the  com- 
pressive stress  diagram  of  concrete , 

A  =  —  -  Sm 
E 

where  ^  =  proportionate  shortening, 

E  =  modulus  of  elasticity  in  kg  per  cm2, 

S  =  the  stress  in  the  concrete  in  kg.  per  cm-, 

and  m  =  a  coefificient  depending  upon  the  kind  of  concrete. 

For  different  materials  m  varies,  according  to  Professor  Bach 
from  1.09  for  1:2^  of  sand,  to  1.15  for  1:2:5  limestone  concrete. 
This  equation  is  undoubtedly  of  a  more  nearly  correct  form  than  a 
parabola  and  has  the  advantage  of  not  giving  the  absurd  condition 
of  infinite  modulus  at  the  origin.  It  is  of  course  much  more  dif- 
ficult to  see,  but  by  means  of  curves  and  tables  its  use  could  no 
doubt  be  made  practical. 

Generally  speaking,  however,  we  do  not  care  to  know  what  the 
deflections  will  be  at  certain  minor  loads,  and  this  is  about  all  the 
advantage  we  would  secure  from  an  ideal  formula  which  so  far  cer- 
tainly has  not  been  devised.  Our  main  interest  is  in  the  maximum 
capacity  of  the  beam  and  for  such  case  Professor  Hatt's  formulae  are 
as  correct  as  it  is  possible  to  obtain. 

The  speaker  is  of  the  opinion,  nevertheless,  that  it  is  perfectly 
feasible  to  obtain  a  formula  that  will  be  scientifically  accurate  for  all 
conditions  of  loading  and  percentages  of  metal,  and  still  be  readily 
manipulated.  In  the  meantime  however,  we  are  not  suffering  for 
the  lack  of  it.  Its  scientific  value  would  be  great,  but  its  practical 
value  small. 

Mr.  J.  T.  Montgomery — I  would  like  to  know  the  form  of  the 
bar  used  by  Prof.  Hatt  in  his  tests,  and  I  would  also  like  to  know  if 
he  has  made  any  tests  for  adhesion  per  square  inch  of  surface  1 

Prof.  Hatt^-Answermg  Mr.  Schaub,  I  would  say  that  my  state- 
ment in  the  paper  is  as  follows  :  "  The  higher  the  elastic  limit  of  the 
steel  the  more  one  postpones  the  point  of  rapid  increase  of  the  width 
of  this  crack."     There  must  be  very  fine  hair  cracks,  even  at  very 
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low  loads.  Certainly  a  crack  cannot  widen  until  the  steel  be- 
gins to  stretch.  It  will  not  be  a  serious  crack  until  the  steel  has 
reached  its  elastic  limit. 

In  regard  to  the  form  of  bars  referred  to  by  Mr.  Montgomery :  I 
use  round  bars  entirely.  I  have  made  tests  of  adhesion  plus  fric- 
tion and  found  they  ran  about  500  pounds  per  square  inch  of  surface. 

Mr.  ScJiaub  -There  is  one  other  point  I  would  like  to  ask  Prof. 
Hatt  about,  and  that  is  in  regard  to  the  economical  percentage  of 
steel  to  use.  I  judge  from  his  remarks  that  this  was  based  on  1-2-4 
concrete. 

Prof.   Hatt     \'es,  you  are  correct  in  your  assumption. 

Mr.  ScJianb — The  proper  percentage  for  steel  in  1-2-4  concrete  is 
no  doubt  near  1.5  per  cent;  but,  by  increasing  the  depth  of  the  beam 
about  50  per  cent  and  using  a  1-3-6  concrete,  the  proper  percentage 
for  the  steel  is  reduced  by  one-half.  This  effects  a  great  saving  in 
a  structure.  Although  more  concrete  is  used,  the  mixture  is  not  so 
rich,  and  the  amount  of  metal  used  is  less.  The  writer  has  found 
for  1-3-6  concrete  that  the  economical  percentage  for  the  steel  to  be 
near  0.75  per  cent  and  this  was  found  to  be  the  same  as  that  used 
recently  in  building  the  stadium  at  Cambridge,  Massachusetts, — 
probably  the  largest  reinforced  concrete  building  structure  so  far 
attempted.  The  proper  percentage  for  steel  to  be  used  is  a  problem 
that  must  be  worked  out  by  the  individual,  and  depends  upon  the 
relative  costs  of  the  component  parts  which  go  to  make  up  the  beam. 

Mr.  Condron — In  the  tests  that  have  been  described  in  Prof. 
Howe's  paper,  the  maximum  percentage  of  steel  is  less  than  0.70  of 
one  per  cent  and  in  over  one-half  of  the  beams  the  per  cent  was  less 
0.60  of  one  per  cent.  This  percentage  of  reinforcing  developed  the 
compression  strength  of  the  concrete,  and  I  would  like  to  know  if 
Prof.  Hatt  can  give  a  reasonable  explanation  why  with  two  per  cent 
he  was  unable  to  develop  the  compression  strength  of  his  concrete, 
while  with  0.60  of  one  per  cent  Prof.  Howe  developed  the  compres- 
sion strength  of  the  concrete  in  15  out  of  18  beams. 

Prof.  Hatt — I  do  not  know  what  quality  of  concrete  Prof.  Howe 
used  in  his  tests.  The  concrete,  as  I  understand  it,  was  made  up  in 
cold  weather,  and  when  the  beams  were  tested  it  was  not  in  good 
condition. 

Mr.  Condron — On  the  contrary  the  beams  were  made  up  in  ideal 
weather  for  concreting-  in  October — and  at  a  city  200  miles  south 
of  here,  where  the  weather  is  as  good  for  concrete  work  as  you 
could  imagine.  At  the  age  of  29  days,  when  the  first  two  beams 
were  tested,  the  concrete  was  still  damp  inside  of  these  two  beams, 
but  was  perfectly  dry  and  very  hard  indeed  on  the  surface.  When 
these  two  beams  were  taken  out  of  the  machine  it  was  exceedingly 
difficult  to  break  the  concrete,  although  it  had  not  obtained   its  full 
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compressive  strength.  The  beams  were  excessively  heavy,  weighing 
from  2,000  to  5,000  pounds  each.  The  means  for  hancUing  were 
entirely  inadequate  for  such  heavy  beams,  and  the  tests  had  to  be 
postponed  until  some  overhead  travelers  could  be  built.  In  the 
meantime  the  beams  were  kept  in  a  basement  at  a  very  uniform 
temperature,  about  65  degrees.  When  the  beams  were  tested  dur- 
ing the  Christmas  holidays,  the  concrete  was  perfectly  dry  in  the 
interior  of  these  beams,  and  the  difficulty  in  breaking  them  up  was 
very  great.  There  were  four  laborers  employed,  and  it  took  these 
men  in  the  neighborhood  of  three  hours  to  break  up  one  of  the 
beams  after  it  was  removed  from  the  machine,  working  as  hard  as 
they  could  with  the  means  at  hand.  The  concrete,  therefore,  was 
not  so  very  poor.  The  compression  blocks  which  were  six  inches 
square  by  nine  inches  high  were  not  made  with  sufficient  care  to 
give  uniform  results  for  the  compression  tests.  However,  they 
developed  a  strength  of  from  1,000  to  2,000  pounds  per  square  inch. 
Those  that  were  tested  at  the  age  of  28  days  developed  strength 
varying  from  750  to  1,300  pounds  only,  but  at  the  age  of  two  and 
one-half  months  the  tests  showed  considerably  more  strength  and 
in  one  case  exceeded  the  capacity  of  the  100,000  pounds  machine. 
Some  of  the  beams  were  not  broken  up  after  testing  and  were  left 
in  the  basement.  I  now  learn  that  it  is  almost  impossible  to  cut  or 
break  the  concrete,  it  is  so  hard. 

Prof.. A.  X.  Talbot — I  have  been  very  much  interested  in  these 
two  valuable  papers,  which  giv^e  information  along  lines  on  which 
information  is  needed.  This  is  a  fruitful  topic,  and  there  are  yet 
many  phases  of  it  to  be  investigated.  The  papers  are  valuable  con- 
tributions to  our  knowledge  of  reinforced  concrete. 

There  are  a  few  points  that  it  seems  to  me  may  well  be  discussed, 
and  I  bring  them  up  more  for  the  purpose  of  starting  a  discussion 
than  for  giving  information  myself. 

The  first  is  concerning  the  point  from  which  the  factor  of  safety 
of  the  beam  should  be  calculated.  Professor  Hatt,  in  his  paper,  has 
used  the  point  of  first  visible  crack,  saying  that  this  should  ordinarily 
be  taken  as  the  point  of  failure.  Mr.  Condron  and  Mr.  Johnson 
refer  to  the  final  failure  as  giving  the  governing  strength,  or  basis 
from  which  the  factor  of  safety  should  be  applied.  As  I  look  at  it, 
the  point  of  first  visible  crack  is  of  comparatively  little  value.  There 
must  be  cracks  before  that  time. 

In  fact  the  first  cracks  probably  exist  when  the  tensile  stress  in 
the  lower  fiber  of  the  concrete  reaches  that  at  which  failure  in  plain 
concrete  occurs,  perhaps  at  one-third  the  load  at  which  the  first 
visible  cracks  appear.  The  Terre  Haute  tests  show,  and  more  re- 
cent tests  at  the  University  of  Illinois  agree  with  this,  that  there  is 
a  marked  change  in  the  characteristics  of  the  load-deformation  dia- 
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gram,  a  crook  or  elbow,  at  a  point  near  where  calculation  shows  the 
tensile  stresses  in  the  reinforced  beams  to  be  the  same  as  the  ulti- 
mate tensile  stresses  of  plain  concrete  beams.  The  sudden  increase 
in  the  elonj^ation  of  the  steel  beyond  this  elbow  indicates  that  the 
steel  has  been  given  a  part  of  the  tension  which  before  was  taken 
by  the  concrete. 

This  point  of  change  of  the  direction  of  the  load-deformation 
curve  corresponds  to  what  Professor  Hatt  has  called  point  A  of  the 
deflection  curve,  though  the  change  in  the  deformation  diagram  is 
much  more  apparent.  The  amount  of  the  stretch  of  the  steel  at 
this  point,  and  the  amount  of  compression  of  the  upper  fiber,  is 
practically  the  same  as  the  amount  of  elongation  and  compression 
at  the  breaking  point  of  plain  concrete  beams  of  the  same  size 
loaded  under  the  same  conditions.  That  is  to  say,  for  an  elonga- 
tion of  the  lower  fiber  at  which  the  concrete  itself  would  break  in 
tension,  there  is  a  marked  change  in  the  load-deformation  dia- 
gram of  reinforced  concrete  beams.  There  is  no  change  whatever 
in  the  diagram  at  the  point  where  the  visible  crack  appears. 

I  was  much  interested  in  the  formulas  given.  I  had  hoped  that 
Professor  Hatt  would  explain  why  he  used  the  parabola.  So  far  as 
I  have  been  able  to  observe,  the  parabola  as  used  is  hardly  closer  to 
the  line  than  the  straight  line.  The  stress  area  for  such  conditions 
becomes  four-sevenths  instead  of  two-thirds,  and  the  value  of  the 
moment  of  the  compression  side  is,  as  I  remember  it,  four-elevenths 
instead  of  that  given  in  the  other  formulas.  These  values  cor- 
respond closely  with  those  used  by  Mr.  Johnson. 

It  seems  to  me  we  are  just  on  the  eve  of  a  great  development  in 
steel-concrete  construction,  but  there  are  many  things  yet  to  be 
determined,  and  investigated  before  we  may  be  sure  of  proper  con- 
struction. One  is  the  question  of  shear.  I  think  Professor  Hatt 
is  right  in  saying  that  it  is  a  tensile  stress  that  is  to  be  considered — 
a  diagonal  tensile  stress  which  is  brought  into  action  by  the  shear- 
ing stress.  Other  matters  to  be  investigated  are  the  effects  of 
repeated  loadings  and  of  time  loading. 

Mr.  Condron — I  would  like  to  ask  Professor  Talbot  what  percent- 
age of  steel  he  used  in  those  beams  tested  at  the  University  of 
Illinois,  and  whether  he  was  able  to  develop  the  compressive  strength 
or  not } 

Prof.  Talbot — The  percentage  of  steel  we  have  used  varies  from 
about  four-tenths  per  cent  to  one-half  per  cent.  Very  few  of  our 
beams  have  had  the  failure  in  compression  developed,  only  in  those 
beams  having  a  large  amount  of  metal,  (icnerally  the  failure  is  due 
to  the  steel  having  reached  its  elastic  limit. 

The  completion  of  these  tests  brings  out  the  fact  that  the  full 
compressive  strength  of  the  concrete  was  developed  only  when  the 
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beam  contained  more  than  one  and  one-half  per  cent  of  steel  of 
33,000  pounds  per  square  inch  elastic  limit,  or  more  than  one  per 
cent  of  steel  of  55,000  pounds  per  square  inch  elastic  limit.  Except 
in  these  beams,  the  maximum  load  is  when  the  steel  has  reached  its 
yield  point. 

Mr.  P.  C.  Mc Anile — It  has  been  stated  that  crusher  run  lime- 
stone would  make  very  poor  concrete.  I  wish  to  state  that  in  this 
market  crusher  run  does  not  show  more  than  8  to  12  per  cent  of 
the  material  passing  through  a  one-half  inch  mesh.  Mr.  Howe  states 
that  the  crushed  limestone  was  in  two  parts — one  coarse  and  the 
other  fine,  and  the  two  mixed  formed  the  run  of  the  crushed  stone. 
The  coarse  would  pass  a  one  and  one-half  inch  mesh  and  would  stop 
at  one-half  inch  mesh  and  the  fine  stone  would  pass  a  screen  with 
one-half-inch  mesh.  I  would  like  to  ask  whether  or  not  in  the  work 
that  failed,  if  the  stone  itself  was  crusher  run  or  whether  50  per  cent 
of  it  was  screenings  } 

Mr.  Johnson — The  percentage  of  crusher  run  in  these  beams  is  a 
little  uncertain.  I  think,  in  view  of  the  fact  that  they  use  part  large 
sizes  of  rock,  the  percentage  of  crusher  run  is  very  much  more  than 
in  the  actual  crusher  run.  The  trouble  was,  some  of  the  rock  was 
delivered  as  it  came  from  the  crusher  and  some  was  separated,  and 
then  they  tried  to  combine  it  to  make  an  average  crusher  run.  I 
think  as  a  matter  of  fact  that  the  percentage  was  much  more.  I 
have  had  a  good  deal  of  experience  with  the  crusher  run,  but  only 
on  one  and  one-fourth-inch  mesh,  taking  everything  that  will  pass 
through  that  size  opening.  In  many  cases  it  is  advisable  to  limit 
the  large  material;  if  you  are  working  with  small  forms  or  moulds, 
there  the  percentage  is  a  good  deal  more.  The  crusher  run  will  be 
perfectly  satisfactory  if  you  are  going  to  use  one  and  one-half-inch 
material,  and  what  crusher  run  you  find,  you  find  with  that,  but  the 
general  nature  of  the  ©bjection  is  that  you  have  to  provide  cement 
to  fill  the  voids,  and  that  statement  also  proves  consistent  with  the 
large,  number  of  experiments  that  have  been  made  by  Mr.  Noble 
and  others.  Where  you  use  the  proportion  of  1-2-5  you  have  got 
the  percentage  necessary  to  fill  the  voids.  A  limestone  screening 
mortar  is  stronger  than  a  sand  mortar. 

Mr.  McArdle — As  a  matter  of  fact  there  was  probably  40  per  cent 
more  screenings  than  ought  to  be  there  for  ordinary  crusher  run 
for  concrete. 

Mr.  Johnson — The  intention  was  to  use  a  mixture  of  1-2-5,  but 
they  thought  crusher  run  was  generally  used,  and  they  used  some 
fine  stuff. 

Mr.  McArdle — I  have  made  tests  using  screenings  as  sand  in 
1-3-6  mixture  and   torpedo  sand   in    1-3-6   mixture   and  found  the 
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crushing  of  the  screenings  concrete  to  be  nearly  i  oo  per  cent  better 
at  three  months  old  than  the  sand  concrete. 

Mr.  B.  Williavis — It  seems  to  me  there  is  a  little  confusion  in  this 
matter,  and  that  perhaps  the  surface  of  the  sand,  broken  stone,  etc., 
to  be  covered  by  cement  has  been  confused  with  the  interstices  to  be 
filled.  The  object  is  always  to  fill  the  interstices  complete  with 
cement,  and  if  that  is  done,  all  the  surfaces  will  be  covered.  I  can 
see  how,  if  there  is  too  much  of  fine  dust  from  the  crusher,  it 
will  take  more  cement,  and  may  not  give  as  good  a  result  as  if 
there  was  too  little.  But  if  there  is  a  proper  amount,  reasoning 
would  lead  you  to  conclude  that  the  fine  material  would  be  a  bene- 
fit if  properly  mixed. 

Mr.  Jo/iJison — That  is  a  question  I  would  not  want  to  enter  into 
at  the  present  time,  and  would  refer  the  gentlemen  who  have  any 
doubts  on  that  subject  to  a  very  exhaustive  series  of  tests  by  Prof. 
Newberry,  published  in  the  proceedings  of  the  Indiana  Engineering 
Society,  in  which  he  shows  that  it  is  not  merely  a  function  of  filling 
the  voids. 

Mr.  L.  K.  Sherman,  M.  IV.  S.  E.,  {by  letter^ — In  the  discussion 
of  Prof.  Hatt's  paper  on  formulae  for  concrete-steel  beams,  I  brought 
up  the  point  that  the  modulus  of  elasticity  of  concrete  was  not  a 
constant.  I  cannot  agree  with  Prof.  Hatt  that  this  is  an  unim- 
portant point. 

The  report  on  Tests  of  Metals  and  other  Materials,  made  at  the 
Watertown  Arsenal,  for  1898-9,  page  547,  has  recorded  some  500 
experiments  on  the  modulus  of  elasticity  of  concrete.  From  this 
report  I  present  the  following  average  moduli  of  elasticity  of  con- 
crete. The  concrete  was  made  of  mortar,  one  to  two,  in  the  pro- 
portion of  40  per  cent  of  the  stone.  This  is  practically  a  1-2-4  con- 
crete : 

Modulus  of  Elasticity  under  a  load  between  100  and  600  pounds 
per  square  inch  is  2,670,000;  under  a  load  of  600  to  1,000  pounds 
per  square  inch  it  is  2,348,000,  and  for  loads  of  1000  to  2000  pounds 
it  is  1,597,000. 

In  none  of  these  500  experiments,  or  in  the  experiments  of  Bach 
to  which  I  previously  referred,  is  there  an  exception  to  the  law  that 
the  modulus  of  elasticity  of  concrete  varies  in  an  inverse  ratio  to  the 
stress. 

The   basis    of    all    design    for    concrete-steel    is    the    proportion 

E  steel 
;=; '     Which  figure  for  P2    are    you  going  to  take  —  2,670,- 

000,  or  1,597,000.''  My  answer  would  be,  use  the  former  for 
working  stresses  of  concrete  and  use  the  latter  if  designing  for  ulti- 
mate strength. 
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Mr.  C.  H.  Cartlidgc,  M.  W.  S.  E. — At  the  previous  meeting  of 
the  Society,  April  6,  at  which  the  subject  of  steel-concrete  con- 
struction was  discussed,  the  writer  moved  the  postponement  of  the 
discussion  to  a  later  date.  At  the  time  the  motion  was  made  the 
discussion  had  drifted  into  one  of  the  advisability  of  using  "  crusher 
run  "  stone  in  such  construction.  This  seemed  to  be  a  detail  which 
might  be  of  great  importance,  and  as  the  hour  was  so  late  it  was 
evident  that  it  would  be  impossible  to  devote  sufficient  considera- 
tion to  the  subject. 

The  writer  has  no  very  valuable  evidence  to  lay  before  the  Soci- 
ety bearing  upon  this  matter,  but  has  had  some  experience  with 
steel  and  concrete  construction,  in  which  crusher  run  stone  was 
used  as  well  as  some  in  which  the  concrete  was  made  solely  of 
screened  stone  in  the  aggregate. 

During  the  past  winter  a  considerable  amount  of  steel-concrete 
has  been  built  under  his  direction,  mainly  in  culverts  of  from  four 
to  twenty  feet  span,  with  flat  tops,  in  all  of  which  the  stone  was 
crusher  run.  In  no  case  has  there  been  a  failure  of  any  sort  in 
these  structures,  and  it  must  be  said,  on  the  other  hand,  that  noth- 
ing like  the  bending  moments  for  which  they  were  designed,  has 
been  brought  into  play. 


Crab  Apple  Creek  Culvert. 

The  writer  was  among  the  first,  he  believes,  to  design  a  flat  top 
steel-concrete  culvert,  of  large  span,  with  a  foundation  proportioned 
to  the  different  pressures  along  its  length.  One  of  these  culverts 
is  shown. 

26.-) 
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This  design  has  been  pubHshed  and  as  experience  has  demon- 
strated that  certain  features  of  this  design  ought  to  be  altered,  it  is 
only  fair  that  these  should  be  pointed  out,  although  it  is  probable  that 
they  have  been  evident  to  other  designers  of  similar  structures. 

The  most  conspicuous  defect  in  the  design  shown  developed  after 
the  structure  had  been  partially  loaded  with  the  earth  fill.  At  this 
time  a  small  crack  appeared  in  the  lower  portion  of  the  two  side 
walls,  extending  upward  nearly  vertically  about  to  the  beginning  of 
the  curved  portion.  This  crack  is  very  fine,  not  greater  than  -j^j^-inch. 
Examination  showed  the  concrete  to  be  very  hard,  that  there  had 
been  no  rupture  of  the  bond  between  concrete  and  steel  and  that 
none  of  the  bars,  at  least  near  the  surface,  was  broken. 

When  considering  the  conditions  affecting  such  a  structure,  the 
cause  of  this  crack  is  evident.  There  is,  of  course,  no  solid  founda- 
tion. If  the  load  along  the  top  of  the  culvert  were  uniform,  it 
would  be  a  simple  matter  to  design  it  so  there  would  be  no  possi- 
bility of  its  cracking.  As  it  is,  the  load  is  uniform  over  only  a  short 
distance  near  the  middle  of  its  length,  and  lessens  rapidly  as  the 
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height  of  the  fill  decreases.  It  will  be  noticed  that  under  the  mid- 
dle portion  the  bottom  is  built  solidly  across,  while  it  is  cut  away 
entirely  at  the  ends,  leaving  at  the  ends,  only  the  areas  of  the  side 
walls  and  the  wings  for  bearing  on  the  foundation.  Here  is  where 
the  difficulty  comes  in  and  the  cause  of  cracking  in  the  culvert 
shown.  The  wing  walls  must  necessarily  be  computed  as  retaining 
walls,  with  bases  accordingly,  and  the  areas  of  the  bases  of  these 
wings  is  so  great,  in  proportion  to  the  weights  they  are  called  upon 
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to  support,  that  they  do  not  settle  uniformly  with  the  body  of  the 
culvert,  developing  a  bending  moment  which  is  too  large  to  be 
economically  provided  for. 

It  has  been  suggested  that  the  culvert  be  built  with  temporary 
wings  of  piling  and  bulkheads,  the  culvert  allowed  to  settle,  and 
the  wings  built  subsequently,  and  the  writer  believes  that  this  has 
been  successfully  tried. 

Taken  all  in  all  the  steel-concrete  structures  thus  far  built  under 
the  writer's  direction  are  better  structures  than  any  he  has  been 
able  to  construct  of  plain  concrete,  both  from  point  of  cost  and 
durability,  and  the  experience  gained  is  considered  a  justification  of 
its  continued  use  and  of  still  further  application  of  the  system. 

In  a  comparatively  new  construction  such  as  this,  great  care  must 
be  exercised,  in  case  of  apparent  failure,  not  to  condemn  it  unjustly. 
It  is  very  easy,  in  designing  with  this  material,  to  design  improperly 
and  the  result  is  too  apt  to  be  laid  to  the  material.  There  naturally 
exists  a  prejudice  against  any  new  material,  or  a  new  form  of  con- 
struction, until  it  has  been  tried  in  the  furnace  of  experience.  It 
rests  with  the  engineers  who  use  it  to  be  careful  that  any  failures 
shall  not  be  due  to  illy-considered  design. 

Mr.Jas.J.  Harding,  M.  W,  S.  E. — In  preparing  a  written  dis- 
cussion on  the  subject  of  reinforced  concrete,  it  was  thought  that 
it  might  be  of  some  interest  to  the  Society  to  make  a  report  on  a 
series  of  tests  made  by  the  Bridge  and  Building  Department  of  the 
C,  M.  &  St.  P.  Ry.  during  the  latter  part  of  1902. 

This  company  commencing,  in  the  early  part  of  that  year,  the 
use  of  reinforced  concrete  in  the  covers  of  box  culverts  and  finding 
but  little  information  on  the  subject  outside  of  trade  catalogues,  de- 
cided that  a  number  of  beams  should  be  made  and  broken  to  deter- 
mine whether  or  not  they  would  develop  in  bending,  the  strength 
accredited  to  them  by  the  formulae  used  in  the  design.  It  was  not 
the  intention  that  these  tests  should  cover  any  ground  except  to 
obtain  as  closely  as  possible  the  ultimate  strength  that  beams,  as 
actually  built  and  used  in  the  covers  of  box  culverts,  would  develop 
in  bending.  No  attempt  was  made  to  determine  the  location  of  the 
neutral  axis  and  the  method  used  for  measuring  the  deflection 
could  give  only  approximate  results. 

The  metal  reinforcement  consisted  of  longitudinal  bars  placed 
along  the  bottom  of  the  beams,  no  provision  whatever  being  made 
to  reinforce  the  beams  in  shear ;  in  fact,  the  writer  is  obliged  to 
admit  that  the  liability  of  the  beams  failing  by  shear  did  not  occur 
to  him  at  the  time  the  beams  were  designed. 

The  results  of  these  tests  are  presented  to  the  Society  with  the 
knowledge  that  they  are  perhaps  somewhat  crude  and  are  not  as 
complete  as  they  would  have  been  made  with  our  present  knowledge. 
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but  with  the  hope  that  they  may  be  of  some  aid  in  the  discus- 
sion of  this  very  important  subject. 

Eighteen  beams  in  all  were  made  with  the  percentages  of  steel 
to  concrete  varying  from  0.45  per  cent  to  1.06  per  cent,  and  one 
beam  having  no  steel  reinforcement  whatever. 

The  concrete  was  what  we  call  our  "  first-class  mixture,"  similar 
to  that  used  by  the  department  in  the  covers  of  box  culverts,  and 
was  made  up  of  one  part  Portland  cement  (Atlas  brand),  two 
parts  of  clean  fine  sand,  and  five  parts  of  broken  limestone  under 
two  inches.  The  beams  were  made  at  our  West  Milwaukee  shops 
where  a  concrete  crew  was  then  at  work  putting  in  building  founda- 
tions. The  foreman  was  furnished  with  a  plan  showing  the  general 
dimensions,  and  the  rods  were  shipped  to  him  from  our  stock  sup- 
ply. No  especial  supervision  was  made  over  the  work;  and  no  in- 
structions were  given  him  in  the  actual  construction  work.  As  a 
result  of  this  lack  of  supervision  an  error  was  made  in  the  construc- 
tion of  a  part  of  the  beams.  The  bars  furnished  for  beams  4,  5,6, 
6-a,  6-b,  and  6-c  were  about  12  inches  short,  and  were  placed  by  the 
foreman  as  indicated  on  the  diagram,  that  is,  all  of  the  shortage  was 
at  one  end  of  the  beams,  bringing  the  ends  of  the  bars  at  about  the 
the  point  of  support.  The  result  of  this  error  shows  up  in  the 
failure  of  the  beams. 

Corrugated  bars  were  used  in  the  reinforcement  of  beams  i  to 
3-b,  inclusive ;  beam  3-c,  which  had  the  same  general  dimensions 
as  3,  3-a  and  3-b,  had  no  steel  reinforcement  whatever.  Beams  4 
to  6-c  inclusive  were  reinforced  with  twisted  bars.  No  compression 
tests  were  made  of  the  concrete  and  no  tests  were  made  to  deter- 
mine the  ultimate  strength  and  elastic  limit  of  the  bars  used  in 
these  beams,  but  a  number  of  other  tests  made  about  the  same  time 
on  bars  taken  from  our  stock  supply,  showed  an  ultimate  strength 
varying  from  80,000  pounds  to  92,000  pounds  per  square  inch  for 
the  corrugated  bars,  and  an  average  elastic  limit  of  about  60,000 
pounds  per  square  inch. 

The  twisted  bars  developed  about  the  same  strength,  with  the 
exception  of  one  half-inch  bar,  which  developed  an  ultimate  strength 
of  only  65,000  pounds  per  square  inch.  This  bar,  however,  had 
considerably  fewer  twists  than  the  other  bars,  which  probably 
accounts  for  its  lower  value. 

The  accompanying  diagram  clearly  indicates  the  general  dimen- 
sions of  the  beams  and  of  the  size  and  kind  of  reinforcement.  The 
slope  given  to  the  top  of  beams  corresponds  to  the  water  shed  used 
in  actual  construction. 

The  load  in  all  cases  was  applied  at  the  center  with  a  200,000 
pound  Olsen  testing  machine. 

Beam  i,  7  days  old.  First  crack  not  recorded.  Failed  in  direc- 
tion  shown  at  12,300  pounds.      Fracture   2  inches  from  support, 
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and  concrete   not   thoroughly  dry.      Maximum   deflection,  j^-inch. 
Beam  i-a,  28  days  old.      I'^irst  crack  at  center  at  12,000  pounds. 
Failed  in  direction  shown  at  15,700  pounds.     Maximum  deflection, 
||-inch. 

Beam  i-b,  99  days  old.  Small  cracks  which  appeared  at  about 
8,000  pounds  were  four  inches  from  center,  and  afterward  opened 
up  as  weight  was  applied.  Beam  failed  by  crushing  at  top.  Ulti- 
mate failure  18,700  pounds.     Maximum  deflection  J/^-inch. 

Beam  2,  7  days  old.  First  crack  not  recorded.  Failed  by  open- 
ing up  from  loading  point  in  direction  of  support,  fracture  about  14 
inches  long.  When  forced  down  the  beam  broke  along  the  upper 
line  of  bars.  Ultimate  load  13,750  pounds.  Concrete  not  thor- 
oughly dry.      Maximum  deflection,  ^-inch. 

Beam  2-a,  28  days  old.  First  cracks  at  9,800  pounds  were  y^- 
inch  and  2  ^^/( -inches  from  center.  Failure  similar  to  2  and  2-a.  Did 
not  force  beam  down.  Ultimate  load  28,900  pounds.  Maximum 
deflection,  i  inch. 

Beam  3,  7  days  old.  First  crack  not  recorded.  Failed  in  direc- 
tion shown  from  load  to  support  at  26,600  pounds.  Maximum  de- 
flection, gVinch. 

Beam  3-a,  28  days  old.  First  crack  at  17,000  pounds.  Failed 
in  direction  shown  from  load  to  a  point  9  inches  from  support  at 
30,700  pounds.     Maximum  deflection,  3,8-inch. 

Beam  3-b,  89  days  old.  First  crack  at  about  27,500  pounds  was 
2  y2  inches  from  center.  Commenced  to  open  up  from  load  at  an 
angle  of  about  45  degrees  at  45,000  pounds.  Maximum  deflection, 
^-inch.     Recovered  after  first  crack  to  about  y'^-inch. 

Beam  3c,  25  days  old.  Same  dimensions  as  3,  3-a  and  3-b  with 
no  steel  reinforcement.  Broke  at  center  under  6,800  pounds  ex- 
ternal load.  Dividing  bending  moment  by  section  modulus  gives 
a  stress  of  335  pounds  per  square  inch  in  the  extreme  fibre. 

Beam  4,  12  days  old.  First  crack  near  the  center  at  6,000 
pounds.  At  8,000  pounds  a  crack  appeared  at  8  inches  from  cen- 
ter, and  the  final  failure  at  21,500  pounds  extended  from  this  crack 
up  to  about  the  center  of  the  beam  at  top.  When  forced  down, 
the  beam  crushed  at  top  and  finally  sheared  along  the  top  of  the 
bars  to  the  support  at  and  where  the  bars  were  short.  Maximum 
deflection,  ^-inch. 

Beam  4-a,  1 2  5  days  old.  First  crack  near  center  at  7,000  pounds. 
Other  cracks  appeared  later  near  the  center  and  afterward  opening 
up  and  the  final  failing  was  by  crushing  on  top  at  1 7,000  pounds. 
The  top  surface  of  this  beam  at  the  center  was  very  rough  and  pitted 
with  the  edges  broken  off.  The  low  ultimate  strength,  which  was 
lower  at  125  days,  than  beam  4  of  the  same  design  at  29  days,  was 
probably  due  to  poor  construction.      Maximum  deflection,  ,v,-inch. 
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This  was  the  only  beam  in  which  the  ultimate  strength  did  not  in- 
crease with  age. 

Beam  5,  29  days  old.  First  crack  near  center  at  10,000  pounds. 
At  21,500  pounds  a  crack  appeared  at  a  point  21  inches  from  cen- 
ter which  opened  up  toward  the  load  and  the  beam  failed  at  32,500 
pounds.  When  forced  down  the  beam  sheared  along  the  bars  to- 
ward the  end  of  the  beam  where  the  bars  were  short.  Maximum 
deflection,  ||-inch. 

Beam  5-a,  125  days  old.  First  crack  appeared  at  12,000  pounds 
near  the  center.  At  35,000  pounds  the  face  of  the  beam  opened 
up  near  the  center.  The  fracture  extended  from  loading  point  at 
about  45  degrees.  When  forced  down  the  beam  broke  along  the 
line  of  the  bars  which  were  of  full  length.  Maximum  deflection, 
^-inch. 

Beam  6,  33  days  old.  Small  crack  near  the  center  occurred  at 
17,500  pounds.  A  crack  19  inches  from  the  center,  appeared  at 
25,000  pounds,  and  afterward  opened  up  toward  the  load  at  37,500 
pounds.  When  forced  down  the  beam  broke  along  the  line  of  the 
bars  toward  the  end  where  the  bars  were  short.  Maximum  deflec- 
tion, i^-inch. 

Beam  6-a,  125  days  old.  Crack  near  the  center  at  27,000  pounds. 
Failure  similar  to  beam  5-a  at  48,000  pounds.  When  forced  down 
the  beam  broke  along  the  bars  toward  the  end  where  the  bars  were 
short.     Maximum  deflection,  f\-inch. 

Beam  6-b,  3 1  days  old.  First  crack  at  4  inches  from  the  center 
and  at  25,000  pounds.  Failed  from  loading  point  toward  the  sup- 
port at  45,000  pouuds.     Maximum  deflection,  Y\-irich. 

Beam  6-c,  33  days  old.  First  crack  at  2  inches  from  center  with 
load  of  35,000  pounds,  followed  by  a  crack  16  inches  from  center. 
At  55,000  pounds  a  fracture  appeared  on  the  face  of  the  beam  ex- 
tending from  the  load  to  the  latter  crack.  When  forced  down  the 
beam  broke  along  the  line  of  the  bars  toward  the  end  where  the 
bars  were  short.      Maximum  deflection,  ^-inch. 

The  result  of  these  tests  are  tabulated  in  the  table.  Column  8 
gives  the  total  inch  pounds  developed  at  first  crack,  and  column  1 1 
gives  the  inch  pounds  developed  at  the  ultimate  failure  of  the  beams. 
Column  12  gives  a  comparison  of  the  ultimate  strength  as  devel- 
oped by  the  tests  and  that  obtained  from  the  formulae.  A  straight 
line  formula  was  used  as  a  basis  for  the  theoretical  comparison, 
giving  to  the  steel  a  constant  value  of  30,000,000  pounds  per  square 
inch  for  the  modulus  of  elasticity  (E),  and  50,000  pounds  per 
square  inch  for  the  elastic  limit.  No  value  was  given  to  the  con- 
crete in  tension. 

To  obtain  a  formula,  which  would  give  the  per  cent  of  steel  to 
concrete  used  in  each  particular  case,  the  ratio  of  the  modulus 
of  elasticity  (K)  of  the  concrete  in  compression  to  the  elastic  limit 
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of  the  concrete  in  compression  was  varied,  and  on  the  forniul;e  thus 
obtained  the  comparison  was  based. 

Cokmin  9  gives  a  comparison  between  the  strength  developed  by 
the  tests  at  the  first  crack  noticed  and  the  ultimate  strength  obtained 
from  the  formula. 

The  writer  does  not  wish  to  go  on  record  as  saying  that  the  first 
crack  noticed  was  the  first  actual  crack.  At  three  of  the  tests  two 
men,  and  at  two  of  the  tests  three  men  kept  a  close  watch  for  the 
first  crack,  but  it  is  possible  that  they  appeared  in  some  of  the 
beams  at  a  smaller  load  than  indicated  in  the  table,  and  were  not 
noticed,  but  omitting  beams  i-a,  i-b,  3-b  and  6-c,  which  seemed  to 
give  very  high  values,  and  taking  an  average  of  the  others,  we  find 
that  the  first  noticeable  crack  appeared  at  0.66  of  the  theoretical 
ultimate  strength.  This  point,  which  might  well  be  called  the  elas- 
tic limit  of  the  beam,  seems  to  bear  about  the  same  relation  to  the 
ultimate  theoretical  strength  of  the  beam,  as  the  elastic  limit  of 
steel  does  to  its  ultimate  strength.  On  all  of  the  beams  excepting 
I  and  2  the  load  at  first  crack  increased  materially  with  the  age  of 
the  beam.  On  beams  i  and  2  the  reverse  was  true,  but  as  before 
stated,  the  cracks  might  have  appeared  sooner  and  were  not  noticed. 

For  ultimate  strength  all  of  the  beams  except  No.  4  showed  a 
marked  increase  with  age.  This  beam  No.  4  was  the  one  noted  as 
being  poorly  constructed,  failing  by  crushing  under  the  loading  point. 

The  result  of  tests  on  beams  reinforced  with  twisted  bars  seemed 
to  give  very  erratic  results  for  ultimate  strength,  beam  4  at  29  days, 
developing  more  than  twice  the  theoretical  requirements,  while 
beam  6  with  the  same  percentage  of  steel  to  concrete  and  four  days 
older,  but  little  more  than  developed  the  theoretical  strength.  The 
shortage  of  bars  may  have  had  some  bearing  on  this  result,  although 
the  same  defect  occurs  in  both  beams. 

Taking  an  average  of  the  results  of  beams  broken  at  89,  99  and 
125  days,  we  have  an  ultimate  strength  averaging  1.76  times  the 
theoretical  requirements  for  bending  moment. 

The  failure  of  all  the  beams  reinforced  with  corrugated  bars  was 
similar,  with  the  exception  of  beam  i-b  which  was  clearly  a  com- 
pression failure.  On  the  other  beams  the  first  sign  of  failure,  neg- 
lecting the  bending  moment  cracks,  was  in  every  case  an  opening 
up  on  the  face  of  the  beam,  generally  at  about  the  one-third  point, 
and  extending  at  an  angle  of  about  45  degrees  with  the  horizontal. 
This  fracture  was  followed  immediately  by  the  drop  of  the  scale 
beam,  which  meant  the  ultimate  strength  for  continued  pressure. 
The  lines  of  failure  indicated  on  the  plan  are  the  fractures  where 
tests  were  carried  to  destruction.  This  same  method  of  failure  was 
characteristic  of  the  beams  reinforced  with  twisted  bars,  except 
beam  4-a,  which  failed  in  a  similar  manner  to  i-b,  the  concrete 
crushing  on  top  at  the  center. 
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There  seems  to  be  no  question  as  to  the  cause  of  the  failure  in 
any  of  these  beams. 

Beams  i-b  and  4-a  were  clearly  bending  moment  failures,  the 
ultimate  strength  of  the  concrete  in  compression  being  developed 
in  both  cases. 

In  beams  4,  5,  6  and  6-c  the  final  fracture  started  at  a  bending 
moment  crack  and  failed  toward  the  loading  point.  The  failure 
being  due  to  a  tensile  stress  which  was  the  resultant  of  the  hori- 
zontal and  vertical  shears.  It  is  possible  that  the  failure  of  beams 
3-b,  5-a  and  6-a  also  started  with  bending  cracks,  but  the  records 
of  the  tests  do  not  indicate  whether  the  crack  shown  as  extending 
from  the  bottom  of  the  beam  up  to  the  line  of  failure  appeared  be- 
fore or  after  the  ultimate  fracture. 

The  failure  of  all  the  beams  reinforced  with  corrugated  bars,  with 
the  exception  of  i-b  and  possibly  3-b,  as  before  stated,  was  an  open- 
ing up  on  the  face  of  the  beam,  due  to  a  tensile  stress  caused  by 
the  resultant  of  the  horizontal  and  vertical  shear.  All  of  the  older 
beams  failed  at  about  the  ultimate  strength  of  the  steel.  Take  for 
example  beams  2-b  and  3-b,  both  of  which  developed  about  the  av- 
erage ultimate  strength,  and  let  us  determine  what  stress  there  was 
in  the  steel  at  the  ultimate  failure.  Taking  the  bending  moment 
given  in  the  table  and  dividing  it  by  the  area  of  the  steel  multiplied 
by  the  lever  arm  (which  is  the  distance  between  the  center  of  grav- 
ity of  the  steel  and  the  center  of  gravity  of  the  compression  area), 
we  find  that  the  bars  in  beam  2-b  were  stressed  to  about  90,000 
pounds  per  square  inch,  and  in  beam  3-h  were  stressed  to  about 
86,000  pounds  per  square  inch.  From  this  it  is  seen  that  the  elas- 
tic limit  of  the  steel  was  passed,  and  the  ultimate  strength  almost 
reached  at  the  time  of  failure.  Under  these  conditions  there  must 
have  been  an  enormous  stress  in  the  concrete  above  and  around  the 
steel,  and  the  ultimate  compressive  strength  of  the  concrete  not 
having  been  developed,  it  is  easily  seen  why  the  beams  should  have 
failed  in  the  way  that  they  did.  The  writer  believes  that  had  the 
beams  been  made  with  the  same  depth  at  the  ends  as  at  the  center, 
and  broken  at  an  age  of  from  two  to  three  months  and  by  loading 
uniformly,  or  at  four  points  instead  of  at  the  center,  the  full  the- 
oretical strength  of  the  beams  would  have  been  easily  developed, 
and  this  without  the  aid  of  shear  bars,  though  admitting  at  the  same 
time  that  the  presence  of  shear  bars  would  have  undoubtedly  in- 
creased the  strength. 

To  determine  whether  the  above  assumptions  are  correct,  and  to 
further  determine  if  possible  the  relative  value  of  shear  bars,  the 
bridge  department  decided  that  further  tests  should  be  made.  To 
this  end  we  are  now  having  made  some  28  beams  with  spans  8,  12, 
15  and  18  feet  in  the  clear,  and  for  varying  loads.  These  will  be  re- 
mforced  with  corrugated,  twisted,  and  trus.sed  bars,  with  and  with- 
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out  shear  bars.  The  percentage  of  steel  to  the  concrete  above  the 
steel  will  be  0.65  in  all  cases,  this  being  the  value  decided  on  as  the 
most  economical,  all  things  considered. 

These  beams  will  be  broken  in  a  few  months,  and  it  is  hoped 
will  throw  some  additional  light  on  the  question  of  shear  and  the 
relative  value  of  shear  bars.  For  the  present  the  writer  makes  it 
a  practice  to  use  shear  bars  in  single  beams  where  the  ultimate 
shear  exceeds  140  pounds  per  square  inch.  For  slabs  such  as  the 
covers  of  box  culverts  the  value  is  increased  to  160  pounds.  With 
a  factor  of  4  this  would  give  a  safe  value  of  from  35  pounds  to  40 
pounds  per  square  inch. 

During  the  discussion  of  the  papers  presented  by  Professors 
Hatt  and  Howe  at  a  former  meeting  the  question  arose  as  to 
whether  the  factor  of  safety  of  a  reinforced  beam  should  be  based 
on  the  first  crack  or  on  the  ultimate  strength.  In  designing  cul- 
vert tops  the  writer  used  a  factor  of  5  for  live  load  and  3  for  dead 
load,  based  on  the  formula  for  ultimate  strength.  If  the  first  crack 
appears  at  about  0.66  of  the  theoretical  ultimate  load  as  these  tests 
indicated,  we  would  then  have  a  factor  for  the  first  crack  of  about 
3  ]/^  where  the  cover  is  close  to  the  rail,  and  a  factor  of  about  2 
where  the  load  is  all  dead.  This  compares  closely  to  the  factor 
used  in  steel  construction  and  based  on  the  elastic  limit  of  steel. 

Where  plain  bars  are  used  with  no  mechanical  bond  and  not 
anchored  there  can  be  no  question  but  that  the  factor  of  safety 
should  be  based  on  the  first  crack,  inasmuch  as  thereafter  there  is 
nothing  to  depend  upon,  except  the  adhesion  of  the  concrete  to 
the  plain  bar,  upon  which  little  reliance  can  be  placed.  In  addition 
the  ultimate  failure  of  such  a  beam  follows  quickly  after  the  first 
crack. 

Mr.  J.  A.  Fulton,  M.  IV.  S.  E. — This  small  sized  model  of  a 
rectangular  beam,  which  is  illustrated  in  Fig.  i,  consists  of  strips 
of  cardboard  glued  together  for  a  distance  of  about  one  and  one 
half  inches  at  the  center  but  left  entirely  free  at  the  ends. 

It  is  extremely  flexible  in  a  direction  at  right  angles  with  the 
plane  of  the  layers ;  but  is  quite  rigid  in  the  other  direction  with 
the  layers  on  edge. 

When  held  in  its  weak  direction  and  loaded,  the  layers  slip  past 
each  other  at  the  ends,  and  the  end  surface  of  the  beam  becomes 
a  series  of  steps  and  is  no  longer  at  right  angles  with  the  axis  of 
the  beam ;  and  it  may  be  of  interest  to  note  that  the  depth  of  the 
beam  is  neither  increased  nor  diminished  by  this  slipping  and  that 
the  slipping  is  about  the  same  in  amount  between  each  succeeding 
pair  of  layers. 

The  extreme  weakness  of  this  beam  when  the  layers  are  placed 
flatwise  is  due  to  this  slipping  of  the  fibers,  or  in  other  words  it  is 
due  to  the  lack  of  ability  to  resist  longitudinal  shear ;  and  since 
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this  slipping  appears  to  be  about  the  same  at  all  heights  it  seems 
fair  to  assume  that  the  horizontal  shear  is  substantially  the  same 
at  any  height  between  the  top  and  bottom  of  the  beam. 

Referring  to  Fig.  2  :  If  the  longitudinal  shear  stress  developed 
between  any  two  points  A  and  B  is  greater  than  the  shearing 
strength  of  the  horizontal  section  AB  then  special  provision  should 
be  made  for  additional  horizontal  shearing  strength  between  those 
points. 
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Horizontal  rods  as  indicated  by  the  dotted  lines  in  this  figure, 
either  plain  or  upset,  do  not  seem  to  make  such  provision. 

It  has  been  suggested  that  vertical  stirrups  hooked  under  the 
re-enforcing  rods  as  at  D  will  strengthen  the  beam.  Doubtless 
this  claim  is  true  to  some  extent  but  for  a  wholly  different  reason 
from  what  was  at  first  supposed. 

There  appears  to  be  no  reason  why  these  stirrups  should 
lengthen  under  a  load  distributed  over  this  beam,  hence  there  is 
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no  t«Mision  on  them.  Similarly  it  is  not  evident  that  they  should 
shorten  under  such  load,  therefore  there  is  no  compression  on 
them.  Apparently  the  only  force  applied  to  them  is  a  cross  shear- 
ing force  at  right  angles  to  their  length,  and  limited  not  by  their 
own  cross-sectional  area  but  by  some  obscure  and  indeterminate 
amount  of  bearing  area  against,  and  tending  to  crush,  the  concrete. 

If  the  re-enforcing  rods  are  turned  up  as  in  Fig.  3  or  Fig.  4  and 
properly  secured,  we  thereby  effect  a  radical  change  in  the  design 
and  make  provision  for  the  horizontal  shearing  stresses. 

For  a  uniformly  distributed  load  the  re-inforcement  shown  in 
Fig.  4  seems  the  better.  This  re-enforcement  hangs  as  a  sus- 
pended cable.  The  horizontal  component  of  the  stress  in  this 
cable  is  the  same  at  E  as  at  F.  The  actual  stress  at  E  is  but  little 
greater  than  at  F. 

The  increment  of  stress  between  E  and  F  is  therefore  small  in 
amount  and  relatively  insignificant ;  and  since  little  or  no  stress  is 
actually  applied  between  F  and  E  it  is  useless  to  provide  means 
for  taking  up  the  stress  between  those  points ;  and  it  seems  as  if 
we  must  conclude  that  the  proper  place  for  the  concrete  to  take 
hold  of  these  re-enforcing  rods  is  at  their  ends  and  not  at  interme- 
diate points,  and  that  a  plain  rod  will  do  substantially  the  same 
work  as  an  upset  or  a  twisted  one,  and  that  any  kind  of  a  rod  will 
fail,  or  is  likely  to  fail,  unless  provision  is  made  to  develop  the  full 
strength  of  the  rod  at  its  ends,  and  that  with  such  provision  it 
becomes  a  matter  of  comparative  indifference  whether  adhesive 
contact  is  maintained  or  not. 

It  seems  reasonable  to  assume,  however,  that  the  concrete  may 
be  expected  to  perform  two  offices,  the  one  being  to  resist  the  pull 
of  the  cable  as  a  direct  thrust,  and  the  other  being  to  act  as  a  stiffen- 
ing girder  for  the  cable  which  otherwise  might  be  flexible ;  and  in 
the  performance  of  this  latter  office  it  is  clearly  desirable  that  ad- 
hesion of  some  kind  should  be  maintained,  although  it  seems  to  be 
of  minor  importance. 

If  the  rods  are  to  be  hooked  over  the  flanges  of  I-beams,  as  in 
Fig.  5,  we  are  confronted  with  the  fact  that  the  thin  edge  of  an  I- 
beam  flange  does  not  present  a  very  good  bearing  surface  for  a  large 
rod. 

If  the  full  strength  of  the  rod  is  developed  the  beam  edge  will  be 
overloaded ;  and  in  any  case  such  a  hook  is  not  a  well-designed  ten- 
sion member  ;  and  moreover  it  would  scarcely  be  possible  with  even 
the  softest  steel  to  make  so  sharp  a  cold  bend,  and  altogether  im- 
possible with  high  steel. 

A  better  device  would  be  an  upset  screw-ended  rod,  as  in  Fig.  6, 
with  nut,  and  provided  with  a  thick  washer  so  that  there  shall  be 
no  screw  threads  bearing  downward  against  the  web  of  the  I-beam. 


Discussion — Reinforced  Concrete.  277 

The  suspended  cable  as  just  described  seems  all  right  for  a  con- 
stant uniformly  distributed  load,  but  is  to  some  extent  flexible  under 
a  concentrated  or  a  moving  load. 

The  device  shown  in  Fig.  7  is  suggested  as  a  rigid  girder  under 
a  moving  load. 

Bridge  men  will  recognize  this  as  the  shade  of  the  old  Bollmann 
truss,  it  being  assumed  that  the  concrete  will  be  able  to  do  duty  as 
vertical  posts  at  the  panel  points  and  as  the  top  chord  of  the  truss. 

The  stresses  in  such  a  structure  might  be  to  some  extent  ambig- 
uous, but  the  enclosing  mass  of  concrete  would  tend  to  neutralize 
its  various  eccentricities. 

It  would  seem  as  if  such  a  beam  might  have  some  merits  of  its 
own,  but  actual  tests  in  full-sized  specimens  might  be  necessary  to 
determine  whether  it  has  not  also  some  defects  of  its  own  too 
serious  to  be  overlooked. 

There  seem  to  be  some  differences  of  opinion  in  regard  to  the 
qualities  that  should  be  sought  in  the  concrete  and  in  the  rein- 
forcing steel,  and  in  the  relative  cross  sections  of  the  two. 

If  we  are  going  to  use  concrete  in  a  way  that  will  be  dependent 
on  its  crushing  strength  it  would  seem  as  if  we  should  make  it  with- 
out any  voids,  requiring  ordinarily  1-2-4  mixture,  mixed  wet. 

Its  tensile  strength  under  even  the  most  favorable  circumstances 
is  relatively  so  insignificant  that  whenever  we  are  intending  to  use 
a  steel  reinforcement  we  might  as  well  ignore  altogether  the  value 
of  the  concrete  in  tension. 

Good  concrete  ought  to  have  an  ultimate  compressive  strength 
of  say  2200  pounds  per  square  inch.  If  we  use  steel  having  an 
ultimate  tensile  strength  of  say  55,000  pounds  per  square  inch,  we 
insert  in  the  tension  flange  a  material  having  twenty-five  times  the 
unit  strength  of  the  material  we  are  going  to  use  in  the  compression 
flange  ;  and  we  say  therefore,  that  the  steel  tension  area  should  be 
one  twenty-fifth  or  four  per  cent  of  the  concrete  compression  area ; 
and  since  the  compression  area  is  not  far  from  one-half  of  the  whole 
area  we  shall  be  substantially  correct  if  we  make  the  steel  area  two 
per  cent  of  the  entire  beam  area. 

But  we  shall  need  further  tests  before  the  present  methods  of 
concrete  reinforcement  can  be  adopted  as  standard  and  accepted 
practice, 

Mr.  F.  H Bainbridge,  M.  W.  S.  E. — The  reading  of  Profs.  Howe's 
and  Hatt's  papers  marks  an  important  period  in  the  growth  of  rein- 
forced concrete  construction.  Both  plain  and  reinforced  concrete 
have  been  built  in  the  United  States  as  road-bed  structures  almost 
entirely  by  western  railways.  The  exceptions  being  two  eastern 
railways  whose  engineering  departments  are  almost  entirely  com- 
posed of  western  men.  The  great  interest  occasioned  by  the  read- 
ing of  these  papers  points  to  the  fact  that  reinforced  concrete  will 
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Fig.   1. 


Fig.  3. 


Fig.  3. 
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in  the  future  largely  take  the  place  of  metal  superstructures,  and 
wooden  trestles. 

The  writer  has  selected  two  examples  in  one  of  which  a  King 
Post  Bridge  on  wooden  crib  piers  has  been  replaced  by  a  series  of 
concrete  arches,  which  replaced  an  85-foot  lattice  span. 

Fig.  I  is  a  full  length  photograph  of  a  concrete  viaduct  over  the 
Cedar  River  at  Nashua,  Iowa,  I.  C.  R.  R.,  completed  in  1902.  The 
arches  are  48-foot  clear  span,  the  only  reinforcement  being  between 
the  main  arches  and  the  spandrel  walls. 

Fig.  2  is  a  detail  photograph  of  the  same  structure.  It  will  be 
noticed  from  the  illustration  that  each  alternate  pier  is  built  heavy 
enough  to  take  the  full  thrust  of  an  arch  without  the  assistance  of 
an  adjoining  arch,  so  that  if  one  of  the  piers  is  undermined,  or  car- 
ried away,  the  structure  as  a  whole  cannot  fail.  The  entire  cost  of 
this  structure  was  $(y']  per  lineal  foot,  exclusive  of  track,  ballast  and 
filling. 

Fig.  3  is  a  photograph  of  a  concrete  viaduct  consisting  of  four  1 5- 
foot  clear  span  elliptical  arches,  which  replaced  a  single  track  lattice 
of  85-foot  span.  This  structure  carries  two  tracks.  It  is  reinforced 
with  second  hand  "I"  beams,  10  inches  deep.  The  entire  cost,  ex- 
clusive of  track  and  filling,  including  the  removal  of  the  old  struc- 
ture was  $45.38  per  lineal  foot  of  single  track.  Both  of  the  above 
structures  were  designed  by  and  built  under  the  superintendence 
of  Mr.  H.  W.  Parkhurst,  President  of  this  Society.  The  architec- 
tural beauty  of  both  these  structures  is  remarkable. 

A  number  of  other  structures  similar  in  design  to  the  photograph 
(Fig.  3)  have  been  constructed  on  the  Illinois  Central  Railway  with 
spans  varying  from  13^  to  15  feet.  The  average  cost  of  six  them 
being  $2 1.23  per  lineal  foot  of  single  track,  all  of  them  being  double 
track  structures. 

The  writer  has  been  interested  in  comparing  results  derived  from 
the  formulae  of  Mr.  A.  L.  Johnson  and  Prof.  Hatts,  and  he  finds 
that  the  two  formulas  are  substantially  identical  except  that  the 
formulae  of  Prof.  Hatt  are  much  more  general,  and  allow  for  vary- 
ing percentages  of  steel,  as  well  as  taking  into  account  the  behavior 
of  a  beam  from  the  beginning  of  flexure  until  its  destruction,  as- 
sumed to  occur  at  the  elastic  limit  of  the  steel. 

Fig.  4  is  a  diagram  made  up  after  a  method  originated  by  Mr.  J. 
W.  Schaub,  member  of  this  Society,  showing  graphically  the  Hatt 
equations  at  the  elastic  limit  of  the  steel  and  at  the  point  A.  The 
lines  O  X  and  O'  X^  are  figured  from  constants  used  in  the  tests 
by  Prof.  Lanza.  The  lines  O  Y  and  O'  Y'  are  figured  from  the  con- 
stants derived  from  the  Howe  tests.  The  table  is  revised  from  the 
data  given  in  the  Howe  tests,  comparison  being  made  with  the  Hatt 
formulae.  The  agreement  of  the  theoretical  results,  both  in  the 
Johnson  formulae  and  with  the  actual  ultimate  strength  of  the  beam 
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as  recorded  in  the  Howe  tests  is  seen  to  be  very  close.  A  similar 
table  for  the  Lanza  experiments  was  compiled  by  the  writer,  but 
the  results  of  these  experiments  were  so  erratic  that  the  comparison 
was  of  little  value. 

In  the  tests  made  by  Profs.  Howe  and  Hatts  no  account  is  taken 
of  the  initial  stress  in  the  concrete  beams  due  to  the  contraction  of 
concrete  in  setting. 
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Fig.  4. 

Fig.  5  shows  the  result  of  some  experiments  made  by  Sam.  \V. 
Emerson  and  Geo.  A.  Peabody,  students  at  the  Case  School  of  Ap- 
plied Science,  as  described  in  the  Engineering  News,  March  10, 
1904.  Steel  bars  were  imbedded  in  concrete  blocks  8  x  8  in.  x  8  ft. 
long,  and  measurements  taken  over  a  period  of  nearly  three  months. 
A  number  of  specimens  were  allowed  to  set  in  water,  others  in 
water  and  again  removed  to  air,  others  set  entirely  in  air.  The  re- 
sults obtained  are  very  uniform.  All  the  bars  imbedded  in  con- 
crete which  set  in  water  expanded,  and  all  the  bars  imbedded  in 
concrete  which  set  in  air  contracted.  The  extreme  contraction 
occurred  on  bar  No.  7,  showing  7,000  pounds  per  square  inch  com- 
pression, or  a  contraction  in  the  concrete  of  one  part  in  4100.  As- 
suming a  modulus  of  elasticity  in  concrete  of  4,500,000  and  a  ten- 
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sile  Strength  of  300  pounds  per  square  inch,  a  contraction  of  one 
part  in  15,000  would  rupture  the  concrete  if  the  contraction  was 
resisted.  From  the  results  of  these  experiments  it  is  evident  that 
concrete  which  sets  in  air  should  be  generally  reinforced  to  prevent 
contraction  cracks,  and  also  that  precaution  should  be  taken  to  pre- 
vent contraction  as  far  as  possible  by  sprinkling  the  concrete  for 
some  time  after  its  construction. 

In  a  concrete  beam  allowed  to  set  in  air,  reinforced  on  the  ten- 
sion side,  there  will  be  a  compression  stress  in  the  reinforcement 
and  a  corresponding  tension  stress  throughout  the  cross-section 
area  of  the  beam,  this  being  greatest  on  the  reinforced  side  of  the 
beam,  so  that  before  the  beam  is  subjected  to  flexure  there  will  be 
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1:3:6    Sto.ie  ConcreTe. 
DIAGRAMS    SHOWING   INITIAL    STRESS  OF  STETEL   RODS    EMBEOOED  IN  CONCRETE. 

Changes  whtc/i  took  place  in  air  arc  shown  b^  /ull  lin£d ,  thoit  wiii'ch    tooK  p/dce  in  wafer  ore.  ^Hown 
by  dotted  lines. 

Fig.  5. 


a  hypothetical  neutral  axis  above  the  surface  of  the  beam.  As  soon 
as  the  beam  is  subject  to  flexure  this  neutral  axis  will  begin  to  fall, 
the  compression  of  the  reinforcement  will  be  at  once  reduced,  and 
no  change,  or  at  least  a  comparatively  trifling  change,  will  take  place 
in  the  stress  on  the  concrete  of  the  under  side  of  the  beam,  as  the 
reduction  of  the  compression  stress  in  the  reinforcement  will  relieve 
the  tension  stress  in  the  concrete  due  to  the  compression  of  the 
reinforcement. 

Experiments  by  Prof.  Von  Schule  of  Zurich,  Switzerland,  to  be 
described  in  this  discussion  by  Mr.  Mensch,  show  that  there  is  little 
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or  no  contraction  in  the  compression  fibres  of  a  beam  up  to  a  stress 
of  about  50  pounds  per  square  inch.  Both  of  the  above  considera- 
tions account  for  the  fact  that  a  reinforced  concrete  beam  in  flexure 
can  be  subjected  to  a  considerable  stress  without  any  deflection  be- 
ing noted.  This  fact  has  been  observed  in  numerous  tests  on  floor 
slabs,  but  it  has  not  been  generally  accredited  by  engineers,  but  it  is, 
however,  a  fact. 

The  question  of  Portland  cement  concrete  laid  in  freezing  weather 
is  an  important  one,  and  it  would  be  interesting  if  the  members  of 
the  Society  would  add  their  experience  in  this  direction  to  this  dis- 
cussion. 

The  following  is  the  result  of  tests  made  in  a  laboratory  of  the 
Illinois  Central  Railway.  The  results  given  are  the  average  of  ten 
specimens  from  each  kind  of  test.  The  briquettes  were  made  from 
AA  Portland  cement  and  standard  crushed  quartz.  Half  of  the 
briquettes  were  allowed  to  remain  in  water  in  the  laboratory  at  a 
temperature  of  about  +75  deg.  Fhr.  The  other  half  were  mixed 
and  exposed  at  a  temperature  of  -j-  4  deg.  Fhr.,  the  exposure  being 
made  as  soon  as  the  cement  mortar  was  placed  in  the  molds.  The 
temperature  of  the  mixing  water  was  -f-  70  deg.  Fhr.  Tests  were 
made  on  briquettes  of  1-2,  and  1-3  mortar.  The  results  showed  for 
the  1-2  briquettes  at  the  end  of  28  days  a  strength  of  226  pounds  per' 
square  inch  for  the  frozen  specimen,and  of  490  pounds  per  square  inch 
forthe  water  specimen, or  that  the  frozen  specimen  had  46  per  cent  of 
strength  of  the  other.  After  two  months  the  relative  strength  was 
357  pounds  and  539  pounds  per  square  inch,  a  ratio  of  66  per  cent. 
After  three  months  the  strength  was  496  pounds,  and  500  pounds 
per  square  inch,  or  99  per  cent.  Of  the  1-3  briquettes,  at  the  end 
of  28  days  the  strength  was  119  pounds  for  the  frozen  specimen, 
and  276  pounds  for  the  water  specimen,  or  the  former  was  43  per 
cent  of  the  latter  in  strength.  At  the  end  of  two  months  it  was 
235  pounds  for  the  former  and  326  for  the  latter,  or  a  ratio  of  72 
per  cent.  At  the  end  of  three  months  the  results  were  329 
pounds  for  the  former  and  291  pounds  for  the  latter,  or  a  ratio  of 
1 1 3  per  cent,  showing  an  actual  increase  in  strength  of  1 3  per  cent 
for  the  frozen  specimen. 

It  should  be  remarked  however,  that  in  these  tests  the  exact  pro- 
portion of  water  necessary  to  furnish  the  water  of  crystalization  for 
the  cement,  was  used  and  that  a  considerable  excess  of  water  in  the 
frozen  specimens  would  be  liable  to  rupture  it.  In  the  writer's  ex- 
perience it  is  entirely  safe  to  lay  Portland  cement  concrete  in  any 
weather,  the  only  danger  arising  when  concrete  which  has  set  for 
three  or  four  hours  at  a  temperature  above  freezing,  is  subjected  to 
a  rapidly  falling  temperature  below  freezing. 

Mr.  L.J..  MeiiscJi — I  wish  to  present  some  very  interesting  tests 
on  reinforced  concrete  beams,  made  by  Prof.  Schule  in  Zurich,  which 
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demonstrate  that  all  theories  of  concrete  steel  beams  based  on  the 
theorems  of  plane  surfaces,  or  the  direct  proportionality  of  stresses 
to  extensions  and  compressions,  and  a  straight  line  as  a  neutral 
axis,  cannot  be  a  satisfactory  solution  of  the  problem. 

The  tests  were  made  on  six  beams  8  inches  wide  by  12  inches 
deep,  two  and  half  years  old.  Three  beams  were  of  plain  concrete, 
and  three  beams  were  reinforced  by  four  5^-inch  iron  rods  in  both 
top  and  bottom.  Half  of  the  number  were  straight  and  half  bent, 
and  connected  by  hoop  irons.  The  concrete  was  mixed  in  the  pro- 
portion of  one  part  cement  to  five  parts  of  sand  and  gravel.  The 
total  length  of  the  beam  was  5  feet  4  inches,  while  the  span  was 
exactly  5  feet.  The  tests  were  made  in  an  Amsler  testing  machine, 
the  bearings  for  the  beams  consisting  of  2-inch  steel  rolls,  while  a 
concentrated  load  was  applied  in  the  center. 

The  plain  concrete  beams  showed  the  following  ultimate  break- 
ing loads : 

Beam  No.  i 4,180  pounds. 

Beam  No.  2 5o90  pounds. 

Corresponding  to  an  ultimate  compressive  and  tensile  strength 
of  the  extreme  fibers  uf  310  pounds  and  450  pounds  per  square 
inch,  if  figured  by  the  formula:  Bending  Moment  equals  Stress, 
times  Moment  of  Resistance ;  this  formula  is  however,  not  cor- 
rect for  concrete  beams  on  account  of  the  difference  of  the 
moduli  of  elasticity  for  tension  and  compression. 

On  one  of  these  beams  was  measured  the  extension  and  com- 
pression respectively  of  fibers  5.^-inch  distant  from  bottom  and  top, 
and  in  the  neutral  axis,  for  a  length  of  6  inches  in  the  center. 

Under  a  load  of  1,100  to  2,200  pounds. 

The  maximum  compression  was  .Jj^q  of  an  inch. 

The  maximum  extension  was  .f^  of  an  inch. 

The  extension  in  center  line  of  beam  was  ._^  inch. 

Under  a  load  of   1,100  to  3,300  pounds. 

The  maximum  extension  was  .Jj^q  of  an  inch, 
And  the  extension  in  the  center  line  of  beam  was  .t^,   of 
an  inch. 

Prisms  cut  from  these  beams,  showed  ultimate  compressive 
stresses,  averaging  169  pounds  per  square  inch  for  Beam  No.  i, 
and  218  pounds  for  Beam  No.  2. 

The  tests  of  the  reinforced  concrete  beams  were  exceptionally 
elaborate.  Extensions  and  compressions  were  measured  on  seven 
fibers  of  the  beams  by  mirror  extensometers  allowing  readings  of 
1-250,000  of  an  inch.  Fig.  2  shows  the  location  of  these  fibers, 
and  readings  were  taken  for  a  length  of  6  inches  in  the  center  be- 
tween the  supports,  marked  a,  and  for  a  length  of  6  inches,  marked 
b,  adjoining  the  length  a.  Altogether  over  2,000  readings  were 
recorded  for  each  beam.     Table  No.  i  shows  four  series  of  read- 
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ings  taken  on  fibers  i,  2,  3,  4,  of  Hcam  A;  two  series  for  loads 
in  intervals  from  2,200  to  13,200  pounds. 

The  diagrams  show  the  extensions  and  compressions  magnified 
1,167  times. 

The  fibers  5,  6,  7,  showed  very  irregular  extensions,  being  in  no 
proportion  to  the  compressions,  but  showing  great  variations  on 
both  sides  of  the  beams,  being  for  example  nil  on  one  side,  and 
three  times  the  compression  of  the  fiber  on  the  other  side. 

The  Beam  A  cracked  at  a  load  of  about  13,200  pounds,  and 
ruptured  at  a  load  of  34,300  pounds  by  pulling  out  of  the  rods  at 
the  ends,  which  is  easily  explained  by  the  extremely  short  extension 
of  only  4  inches  beyond  the  supports. 

The  unsatisfactory  results  obtained  by  the  readings  of  the  ex- 
tensions of  the  lower  concreate  fibers  of  Beam  A  caused  the 
measurements  of  the  extensions  taken  directly  on  the  steel  rods  in 
Beams  B  and  C. 

To  this  purpose  ^^-inch  holes  were  drilled  in  the  rods  and  the 
extensometers  attached  to  them  by  means  of  small  screws. 

The  table  shows  these  extensions  for  the  four  steel  rods  of  Beam 
B.  No.  I  and  No.  4  are  the  lower  bent  rods ;  No.  2  and  No.  3  the 
lower  straight  rods.  The  first  cracks  appeared  at  a  load  of  12,100 
pounds,  and  were  in  no  connection  with  the  holes  drilled  for  the 
extensometers. 

The  tests  made  later  on  the  steel  rods  when  removed  from  the 
concrete,  indicate  that  the  limit  of  elasticity  was  reached  at  a  load 
of  17,600  pounds.  By  inspecting  the  table  we  find  that,  the 
higher  the  maximum  load  in  a  certain  series  of  tests,  the  greater 
is  the  remaining  extension  of  the  steel  rods  when  the  load  is  re- 
leased. It  is,  however,  certain,  that  these  extensions  disappear  to 
a  very  great  extent,  if  the  interval  between  the  loadings  is  suffic- 
iently great. 

Beam  B  broke  at  36,300  pounds. 

Beam  C  broke  at  31,500  pounds. 

The  diagrams  and  tables  show  clearly  the  following  facts : 

1.  The  fiber  stresses  are,  in  no  stage  of  the  loading,  propor- 
tional to  the  loads. 

2.  The  vertical  planes  of  the  beams  do  not  remain  plane  under 
the  loads. 

3.  The  neutral  axis  is  not  a  straight  line,  but  it  is  curved  with 
the  concave  side  towards  the  tension  fibers. 

4.  The  neutral  axis  is  in  the  beginning  above  the  center  of  the 
beam  and  is  raised  when  the  load  is  increased. 

5.  In  each  series  of  tests  after  the  maximum  is  reached  the 
fibers  do  not  return  at  once  to  their  former  position  when  the 
loading  is  released  ;  it  is  however  established  by  other  tests  that 
these  permanent  changes  of  length  tend  very  soon  to  a  limit. 
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6.  The  percentage  of  the  bending  moment  which  is  taken  up 
by  the  concrete  alone  and  by  the  rods  varies  with  the  load.  If  we 
multiply  the  extension  of  the  rods  given  in  the  table  for  Beam  B, 
be  the  modulus  of  elasticity,  we  obtain  the  stresses,  and  in  multiply- 
ing by  the  theoretical  depth  of  the  beam,  which  can  be  taken  for 
example  from  the  diagrams,  we  obtain  the  bending  moment  taken 
up  by  the  rods ;  the  remainder  must  be  taken  up  by  the  concrete 
alone.  The  percentages  of  the  bending  moment  taken  up  by  the 
steel  rods  in  Beams  B  and  C  are  given  in  Table  No.  3. 

TABLE  NO.   3. 


LO.\D 

BEAM   B. 

BEAM    C. 

In  2,000  lbs. 

Rods. 

Concrete. 

Rods. 

Concrete. 

1.1 
22 
3,3 

4.4 
5.5 
8.C 

7.7 

8.8 

9.9 

10.5 

9.0^ 
10.0 
14.0 
30.5 
39.0 
45.7 
5(5.0 
05.0 
75.0 
78.0 

91.05? 

90.0 

86.0 

69.5 

60.4 

.54.3 

44.0 

35  0 

25.0 

22.0 

15.6^ 
21.4 
33.0 
40.5 

58.8 
76.2 

82.0 
84.5 
90  0 
93.0 

84.4$6 

78.6 

67.0 

595 

41.2 

23.8 

18.0 

15.5 

1(1.0 

7.0 

We  see  that,  at  the  time  of  the  first  crack,  that  is  at  12,100 
lbs.,  the  rods  take  up  only  43  ^A,  per  cent  of  the  bending  moment, 
and  the  concrete  although  cracked,  56^  per  cent,  or  more  than 
Yz  of  the  total  bending  moment. 

In  increasing  however  the  load  beyond  that  of  the  first  crack, 
we  find  that  the  rods  take  up  a  rapidly  increasing  percentage  of  the 
bending  moment,  so  that  at  20,900  lbs.  for  example,  the  percentage 
is  78  per  cent  for  the  iron,  and  22  per  cent  for  the  concrete. 

We  are  used  to  assume  that  after  the  first  crack  the  concrete 
does  not  contribute  anything  to  the  bending  moment,  but  that  all 
is  taken  up  by  the  rods  alone.  In  reality  the  crack  does  not  cause 
any  sudden  increase  of  stress  in  the  rods. 

If  we  figure  the  stresses  in  the  concrete  according  to  any  standard 
formulae  based  on  the  elastic  theories,  we  find  the  ratio  of  the 
stresses  in  concrete,  and  in  the  iron  rods  is  4  at  a  load  of  about 
2,200  lbs.,  II  at  8,000  lbs.,  12  to  20  at  the  first  crack,  and  21  to 
33  at  the  load  of  20,900  lbs. 

Gen.  Win.  Sooy  Smith — I  will  start  by  saying  simply  this :  I 
know  very  little  about  reinforced  concrete,  although  I  have  used 
concrete  very  extensively  for  a  great  many  years.  One  thing  I 
have  learned  to  my  satisfaction  is  that  reinforced  concrete  presents 
some  complicated  questions.  In  the  first  place  the  results  depend 
upon  the  quality  of  materials  employed  in  making  the  concrete,  and 
in  the  second  place  on  the  method  employed  in  mixing,  combining 
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and  using  it.  A  great  many  who  use  concrete  extensively  hardly 
know  the  first  principles  of  its  manufacture,  or  its  action  after  it  is 
made.  They  hardly  know  that  its  value  depends  upon  its  high  set- 
ting quality.  They  do  not  take  into  consideration  the  fact  that 
there  is  a  chemical  action  which  depends  largely  upon  temperature. 
Chemical  action  we  know  is  almost  always  assisted  by  heat.  If 
concrete  is  made  at  a  low  temperature  it  acts  and  sets  very  slowly. 
I  was  curious  to  know  what  the  result  would  be  in  the  specific  be- 
havior of  concrete  subjected  to  low  temperature,  and  found  that 
beyond  a  question  if  after  freezing  suddenly,  it  remained  frozen  un- 
til set  and  then  warmed  up  gradually,  it  received  hardly  any  injury, 
and  would  be  about  as  hard  as  if  made  in  warm  weather.  I  found 
it  a  great  advantage  in  freezing  weather  to  heat  the  sand  and  also 
to  salt  the  mortar.  I  have  laid  thousands  of  cubic  yards  of  con- 
crete with  the  mortar  well  salted,  and  laid  it  up  right  through  the 
winter,  just  as  if  it  were  summer,  and  have  never  discovered  that 
it  did  not  set  as  well  as  it  had  been  warmer. 

There  is  one  vital  question,  it  seems  to  me,  lying  at  the  very  root 
of  this  whole  subject — the  use  in  reinforced  concrete  of  two  mate- 
rials which  are  expected  to  act  in  harmony,  while  differing  as  they 
do  in  many  respects.  If  the  modulus  of  elasticity  varies  in  these 
two  materials,  it  becomes  a  very  serious  question  as  to  how  far  the 
one  having  the  greater  elasticity  will  assist  the  one  having  less. 
There  are  other  questions  coming  in.  This  question  was  raised  by 
an  architect,  to  whom  I  was  presenting  the  idea  of  filling  all  the 
hollow  columns  of  steel  construction  with  concrete.  It  ought  to  be 
done  for  several  reasons;  the  principal  reason  is  to  stiffen  the  col- 
umns ;  another  reason  is  to  prevent  corrosion.  I  know  from  obser- 
vations made  on  some  of  the  oldest  concrete  on  earth.  I  have 
never  found  a  piece  of  iron  in  contact  with  concrete  that  had  rusted. 
I  had  a  piece  of  iron  sent  to  me  which  was  taken  out  of  the  founda- 
tion of  the  obelisk  which  was  brought  from  Egypt  and  set  up  in 
Central  Park,  New  York.  This  was  known  to  have  been  in  contact 
with  concrete  for  2,300  years,  and  was  not  rusted  at  all.  So,  if 
these  hollow  steel  columns  be  filled  with  concrete,  corrosion  on  the 
inside  would  be  prevented. 

Another  thing — it  is  desirable  to  cover  steel  constructions  with 
some  preparation  of  lime.  If  you  can  make  and  apply  a  simple 
whitewash,  it  is  cheaper  than  paint  and  it  will  prevent  corrosion. 
Using  a  product  called  "asbestic,"  which  is  90  per  cent  asbestos, 
and  mixing  that  with  lime  into  whitewash  and  putting  it  on  steel, 
will  both  prevent  corrosion  and  make  it  a  wonderful  resistant  to 
fire.  I  have  covered  roofs  in  this  city  in  that  manner  for  fireproofing. 
Sparks  or  burning  fagots  may  fall  upon  roof  s,so  protected,and  burn  out 
without  any  danger  of  igniting  the  roof.  The  architect  to  whom  I  sug- 
gested the  filling  of  the  columns  said  that  it  would  do  no  gooil,  be- 
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cause  the  steel  and  concrete  are  so  different  in  their  behavior  that 
one  will  be  ruined  before  the  other  is  injured.  I  answered,  this  is 
not  so,  for  when  the  column  is  filled  with  concrete  it  will  afford  the 
combined  resistance  of  the  two  materials  until  the  limit  of  elasticity 
of  the  more  elastic  one  is  passed.  Its  stiffness  to  resist  bending 
will  also  be  greatly  increased  and  corrosion  of  its  inside  surface  will 
be  prevented. 

Steel  is  the  strongest  material  used  in  construction  for  resisting 
tensile  strains,  and  concrete  is  one  of  the  cheapest  and  best  for  re- 
sisting compression.  So  if  we  can  combine  the  two,  although  we 
may  not  get  full  value  of  each  of  them,  we  get  from  the  combina- 
tion more  than  we  could  by  the  use  of  the  same  quantities  used 
separately.  And  upon  this  very  fact,  it  seems  to  me,  almost  en- 
tirely depends  the  value  of  this  promising  mode  of  construction — 
reinforcing  concrete  with  steel. 

Extract  from  the  Tecknisk  Tidskrift,  a  journal  published  by  the 
Engineer  Society  of  Stockholm,  Sweden  —  translated  by  G.  A. 
M.  Liljencrantz : 

"Among  structural  enterprises,  the  use  of  re-enforced  concrete  is 
becoming  more  and  more  employed.  Among  other  applications 
the  so-called  'beton  poles'  are  at  present  a  subject  of  great  inter- 
est ;  such  poles  are  said  to  have  been  used  at  the  construction  of' 
some  large  and  difficult  foundations  in  Stockholm  and  to  have  re- 
ceived a  high  degree  of  commendation  by  experts.  Tests  have 
been  made  which  show  that  these  constructions  have  very  great 
strength.  At  a  talk  which  Civil  Engineer  E.  Hjorth  lately  deliv- 
ered before  the  Falu  Engineering  Club  on  this  subject,  there  was 
exhibited,  among  other  stereopticon  views,  one  of  a  pole  for  elec- 
trical transmission,  made  like  these  beton  poles,  of  concrete  on  a 
core  of  iron. 

"As  these  poles  have  proved  to  be  of  considerable  strength  and 
durability,  and  are  furthermore  simple  and  inexpensive  in  manufac- 
ture, it  seems  that  they  would  offer  a  suitable  type  for  use  in  trans- 
mission of  electric  currents  of  high  power,  especially  at  the  crossings 
of  lines  of  traffic  and  for  other  purposes." 

Mr.  T.  L.  Condron,  M.  W.  S.  E.  {by  letter)~-Yxom  Table  III.  of 
Professor  Howe's  paper  it  appears  that  the  value  of  yi  (the  distance 
from  the  top  of  the  beam  to  the  neutral  plane),  was  found  to  be 
from  .35  d  to  .45  d.  The  value  given  for  yj  in  the  experiments 
when  the  extensometer  cords  were  disturbed  cannot  be  depended 
upon.  In  this  same  table  he  shows  the  stress  in  the  bars  accord- 
ing to  Johnson's  formula  to  have  been  from  50,000  to  66,000 
pounds  per  square  inch,  when  allowance  has  been  made  for  tension 
in  the  concrete.  As  the  concrete  was  invariably  cracked  on  the 
tension  side  under  the  ultimate  loads  the  concrete  itself  cannot  be 
assumed  to  be  taking  tension  at  that  time.     In  table  IV.  he  gives 
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the  Stresses  in  the  bars,  consiclerinj:^  that  there  is  no  tension  in  the 
concrete,  to  be  from  56,000  to  76,000  pounds  per  square  inch. 
These  latter  fif^ures  agree  closely  with  the  readings  of  the  exten- 
someters. 

If  the  neutral  plane  is  taken  to  be  ,4  d  from  the  top  and  the 
maximum  stress  in  the  steel  taken  at  60,000  pounds  per  square 
inch,  which  is  practically  the  elastic  limit  of  these  bars,  a  very  simple 
equation  may  be  deduced  for  the  ultimate  strength  of  the  beams,  as 
follows : 

d  =  Distance  from  top  of  beam  to  axis  of  reinforcing  in  inches. 

b  =  Breadth  of  beam  in  inches. 

T.  ,,  ,  f.        .     .        .  100  X  area  of  bars 

r  =  Percentage  of  remforcmg  =  .        , 

M  =  Ultimate  moment  in  inch  pounds. 

A  =  Area  of  reinforcing  in  square  inches. 

T  =  Maximum  tension  in  the  bars  =  60,000  pounds  x  A. 

C  =  Total  compression  in  the  concrete. 

yi  =  distance  from  top  of  beam  to  neutral  plane  =  0.4  d. 

y.^  =^  distance  from  neutral  plane  to  axis  of  bars  =  0.6  d. 

Therefore  M  =  Ty.,  +  C^^y^       (i) 

=  T(y.  +  %y,)      (2) 

=  .867  T  d  (3) 

=  520  Pbd2  (4) 

Where  the  value  of  P  is  not  less  than  0.5,  nor  more  than  i.o. 
Applying  this  equation  to   the  beams  tested  gives  the  results 
shown  in  table  A. 

TABLE  A. 


BEAM 

MOMENT 

520  Phd2. 

ACTUAL 
MOMENTS 

Percentage 

No. 

d 

K 

Developed 

1 

4K 

.71^ 

80.000 

94.300 

118;? 

2 

6K 

.72 

176,000 

212,200 

120 

8 

^Vz 

.71 

320,000 

402,700 

126 

4 

u^X 

.71 

720,000 

929,800 

129 

.5 

8H 

.57 

272,000 

311,900 

114 

6a 

13 

.58 

610,000 

607,:K)0 

99.5^ 

(5b 

13 

58 

610,000 

639,300 

102 

6c 

13 

.58 

610,000 

6()(),300 

104 

6d 

13 

58 

610,000 

616,800 

101 

He 

13 

.58 

()1 0,000 

692,000 

114  Gravel 

7a 

r>'X 

.58 

1,080,000 

1,189,400 

110 

7b 

17X 

.58 

1,080,000 

1,152,000 

106 

7c 

n^jf 

.58 

1.080.000 

1,142,900 

106 

7d 

17X 

.58 

1,080,000 

1,006,400 

93  Failed  bv  shear 

7e 

17J4: 

.58 

1,080,000 

1,090,700 

100     "     ••      • 

8 

121^ 

.69 

700,000 

756. 500 

108 

9 

19 ',4' 

.69 

1,600,000 

1,373.700 

Si)  Failed  by  shear 

11 

IC.'^ 

.72 

1,185,000 

1,149.300 

97 
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From  these  results  the  writer  feels  justified  in  offering  the 
above  equation  as  a  simple  and  conservative  formula  for  the  pro- 
portioning of  reinforced  concrete  beams  where  ordinary  average 
rock  or  gravel  concrete  is  used  in  proportions  of  i  cement,  2  sand, 
5  crushed  stone  (i  ^  inch  and  under  with  dust  screened  out);  and 
deformed  bars  of  at  least  50,000  pounds  per  square  inch  elastic 
limit  are  used  for  reinforcing.  The  reinforcing  area  to  be  not  less 
than  0.5  per  cent  nor  more  than  i  per  cent. 

In  the  above  it  is  assumed  that  the  compression  stresses  vary- 
directly  as  the  percentage  of  reinforcing  or  f  c  ^  2400  x  P.  Or 
for  higher  strength  concrete  in  compression  more  steel  should  be 
used.     Hence  for : 

fc  =  1200  pounds  per  square  inch,  P  =  0.5% 
fc  =  1440  pounds  per  square  inch,  P  =  0.6% 
fc  =  1680  pounds  per  square  inch,  P  =  0.7% 
fc  =  1920  pounds  per  square  inch,  P  =^  0.8% 
fc  =  2160  pounds  per  square  inch,  P  =  0.9% 
fc  =  2400  pounds  per  square  inch,     P  =  1.0% 

Table  B  shows  a  comparison  of  the  actual  moments  obtained  by 
Prof.  Howe  with  the  theoretical  moments  for  these  beams  from 
Johnson's  formulas,*  Hatt's  formulas-j-,  and  the  writer's,  M  ^  520 
Pbdl 

TABLE  B. 


1 

PERCENTAGES  OF  THEORETICAL  STRENGTH. 

DEPTH 

BEAM 

ACTUALLY  DEVELOPED 

BY  TESTS 

RpM«DI.-0 

No. 

IN 

Johnson's 

Hatt's 

M   = 

INCHES. 

Formula  * 

Formula,  f 

520  Pbd^ 

1 

5 

117^ 

112^ 

\m 

y  in.  Bars 

2       1         7 

122 

117 

120 

3       1         ^Vz 

125 

121 

126 

4       ,       14 

128 

125 

129 

.5               10 

110 

108 

114 

i/  in.      1 

(ia 

U'A 

97 

94 

99 

'  29  days  old 

6b 

uy^ 

102 

99 

102 

6c 

\\% 

107 

103 

104 

6d 

U'A 

98 

95 

101 

[gravel 

6e 

U'A 

111 

108 

114 

'  29  days  old 

7a 

19 

100 

102 

110 

7b 

19 

103 

98 

\oy, 

7c 

19 

102 

98 

106 

[shear 

7d 

19 

90 

86 

93 

'  failed  by 

7e 

19 

97 

93 

101 

1        ..       .... 

8 

14 

104 

102 

108 

^  in.      ' 

[shear 

9 

21 

90 

82 

90 

'  failed  by 

11 

18 

98 

94 

97 

1   in.      ' 

Average 

106,^ 

102$^ 

107<^ 

*  From  results  given  in  Table  IV  of  Prof.  Howe's  paper. 

t  From  results  given  in  the  Table  of  Mr.  F.  H.  Bainbridge's  discussion  of  Prof.  Howe's  paper. 
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CLOSURE. 

Professor  Hatt — It  seems  to  the  writer,  that  the  discussion  that 
has  taken  place  is  very  valuable  and  justifies  the  presentation  of 
the  writer's  paper,  imperfect  as  that  is.  It  is  the  fashion  of  some 
writers  in  Germany  to  present  along  with  their  papers  what  is 
called  a  "self-criticism."  The  writer  would  point  out  certain  weak- 
nesses in  his  position,  at  the  same  time  commenting  on  certain 
matters  touched  up  in  the  preceding  discussion. 

It  is  true,  as  Mr.  Johnson  has  pointed  out,  that  the  assumption 
of  the  vertex  of  the  parabola  at  the  outer  fiber  of  the  beam  is  only 
justified  when  applied  to  the  state  of  loading  coinciding  with  the 
failure  of  the  beam  in  compression.  It  certainly  will  not  represent 
the  conditions  at  early  stages  of  flexure. 

It  seems  to  the  writer  that  the  inclusion  of  the  tensile  forces  on 
the  concrete  in  the  moment  of  resistance  at  the  time  of  the  first 
crack,  or  preceding  this  crack  beyond  the  point  A,  is  not  justified 
in  view  of  the  experiments  of  Professors  Turneaure  and  Talbot, 
who  have  made  observations  that  show  the  concrete  on  the  tension 
face  to  be  divided  by  minute  fissures  at  a  stage  of  loading  corres- 
ponding to  a  stress  in  the  steel  of  about  5000  pounds  per  square 
inch.  Indeed,  minute  fissures  exist  before  the  beam  is  loaded ; 
but  these  are  not  visible  to  the  naked  eye  under  ordinary  circum- 
stances in  dry  concrete.  Nevertheless  there  must  be  a  portion  of 
the  bending  moment  supplied  by  these  tensile  stresses  on  the  con 
Crete  at  early  loads  and  an  analysis  which  pretends  to  completeness 
should  include  the  latter;  but  in  view  of  the  uncertainties  of 
shrinkage  stresses,  etc.,  the  added  complication  of  formulas  is  not 
justified  from  a  practical  standpoint. 

The  use  of  the  parabola  for  the  compression  area  seems  well  in 
accord  with  experimental  facts  at  rupture.  The  simplest  method 
of  computation  of  these  beams  is  to  multiply  the  total  force  on  the 
steel  by  the  assumed  distance  to  the  center  of  gravity  of  the  com- 
pression area.  This  gives  the  moment  of  resistance  of  the  beam. 
The  maximum  stress  on  the  concrete  in  compression  may  then  be 
computed  from  the  shape  of  the  compression  area ;  or  we  may 
depend  on  co-efficients  derived  from  tests  to  limit  the  amount  of 
steel  that  should  be  used  in  case  of  concrete  of  various  grades. 

With  regard  to  the  first  crack  as  a  basis  for  fixing  the  factor  of 
safety,  it  seems  that  what  the  writer  has  called  a  "  first-crack  "  is, 
at  least  in  the  concrete  used  in  the  Purdue  University  experiments, 
a  crack  more  serious  than  the  first  cracks  noted  by  Professor  Howe. 
This  crack  is  no  doubt  influenced  by  the  quality  of  the  concrete 
and  by  the  character  of  the  loading.  The  writer's  tests  were  made 
by  applying  the  loads  in  increments,  and  relie\ing  the  loads  to  ob- 
tain the  set ;    thus  working  the  beams  to  a  given  stress,  and  back 
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to  zero.  One  cannot  discuss  this  matter  intelligently  without  hav- 
ing in  mind  the  degree  of  cracking  which  an  engineer  would  con- 
sider an  evidence  of  failure  in  a  structure.  If  we  judge  by  the 
results  of  laboratory  tests  on  relatively  small  masses  of  concrete, 
small  cracks  must  be  present,  and  must  be  accepted  in  this  style  of 
construction.  Do  they  appear  in  actual  structures .?  It  appears 
that  conservative  designers  load  the  steel  reinforcement  up  to  a 
stress  of  16,000  pounds  per  square  inch,  corresponding  to  an 
elongation  of  one  part  in  2000. 

We  are  told  that  the  concrete  will  be  divided  by  small  fissures, 
and  the  latter  begin  to  enlarge,  it  is  said,  at  a  stress  of  5000  pounds 
per  square  inch.  As  a  practical  conclusion,  it  would  seem  that  un- 
til these  cracks  become  large  enough  to  allow  the  rust-producing 
agencies  access  to  the  steel  they  are  not  serious.  They  only  re- 
duce to  zero  the  moment  of  resistance  of  the  tensile  forces,  upon 
which  the  designer  does  not  rely,  and  from  this  point  of  view  a 
serious  crack  can  only  occur  when  the  metal  of  the  reinforcement 
reaches  its  elastic  limit. 

It  is  possible  to  load  a  beam  considerably  beyond  the  elastic  limit 
of  the  metal,  if  the  concrete  is  sufficiently  strong  in  compression 
before  the  maximum  load  is  reached.  Thus  the  beam  may  be 
practically  ruined  before  the  maximum  load.  The  latter  is  not  in 
such  cases  a  proper  criterion  of  strength.  Is  not,  then,  a  serious 
crack,  exposing  the  steel,  the  proper  basis  of  comparison  of  the 
strength  of  two  designs  .'' 

It  appears  to  the  writer  that  the  values  he  has  found  for  the  con- 
stants of  concrete  are  higher  than  those  found  by  some  other  ex- 
perimenters. All  the  materials  were  of  excellent  quality.  While 
the  cement  was  unusually  strong,  it  showed  a  proper  gain  between 
seven  and  twenty-eight  days  in  the  form  of  mortar  briquettes  and 
concrete  beams.  The  tension  tests  of  neat  briquettes  were  abnormal. 
The  high  modulus  of  elasticity  is  partly  due  to  the  method  of  cal- 
culation, and  the  values  will  be  recalculated  according  to  the  ordi- 
nary method  of  measurement. 

It  may  be  said  that  the  values  are-  not  higher  than  those  quoted 
by  Unwin  from  Hartig's  tests,  or  than  results  obtained  by  recent 
careful  tests  at  St.  Louis.  A  tangent  to  the  stress-strain  diagram 
will  not  give  values  such  as  are  listed.  With  reference  to  the  point 
raised  by  Mr.  Sherman,  it  should  be  said  that  a  careful  examination 
failed  to  show  any  notable  decrease  of  the  modulus  of  elasticity  at 
higher  stresses.  We  may  hope  that  the  several  committees  of  the 
four  societies  at  present  co-operating  in  a  report  on  the  various  ele- 
ments of  this  subject  will  present  uniform  definitions  and,  after  a 
review  of  the  large  body  of  data  in  existence,  only  a  part  of  which 
has  been  published,  will  recommend  values  of  constants  for  use. 
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Taking  up  the  discussion  in  detail :  Mr.  Condron's  simple  equa- 
tions seem  to  be  in  the  right  direction,  although  it  is  not  right  to 
avoid  complications  simply  to  save  trouble.  It  seems  that  ordinary 
soft  steel  will  not  develop  the  compressive  strength  of  1-2-4  con- 
crete. As  soon  as  sufficient  steel  is  placed  in  one  layer  in  a  beam 
with  a  view  to  developing  this  strength  there  is  so  much  metal  that 
failure  takes  places  in  shear  in  a  horizontal  plane  just  above  the  re- 
inforcement. 

However  there  seems  no  reason  why  the  steel  should  develop 
the  compressive  strength  of  the  concrete  if,  as  is  the  practice  of 
some  designers,  larger  factors  of  safety  are  used  for  the  concrete 
than  for  the  steel. 

Answering  Professor  Talbot's  question,  the  writer  plotted  a  large 
number  of  curves  from  the  Watertown  reports,  and  found  the  par- 
abola to  fit  the  results,  the  vertex  of  the  parabola  at  the  point  of 
failure,  and  the  curve  running  through  the  origin  on  a  slope.  This 
avoided  the  difficulty  mentioned  by  Mr.  Johnson,  that  a  location  of 
the  vertex  at  the  origin  supposed  an  infinite  modulus  of  elasticity 
at  zero  stress. 

There  are  a  number  of  interesting  questions  which  form  the 
fringe  of  this  subject.  Some  of  them  may  be  of  importance.  It 
seems  clear  that  the  ultimate  computed  fiber  stress  on  the  concrete 
in  compression  fixed  by  the  designer  may  be  allowed  to  exceed  the 
strength  developed  in  an  ordinary  compression  test,  for  the  outside 
fibers  are  supported  by  a  mass  of  concrete  below,  which  has  not 
yet  reached  its  highest  degree  of  strength.  Again  the  presence  of 
concrete  under  stress  surrounding  the  steel  reinforcement  puts  the 
latter  under  compound  stress  and  a  higher  modulus  of  elasticity 
and  elastic  limit  of  the  steel  may  result. 

Mr.  Mensch  has  raised  the  question  whether  or  not  the  elonga- 
tions measured  on  the  side  of  a  beam  in  the  horizontal  plane  of  the 
reinforcement  may  properly  be  used  to  compute  the  stress  on  the 
steel. 

Comparing  the  strength  of  a  1-2-4  concrete  beam  reinforced  with 
two  per  cent  of  soft  steel,  with  a  long  leaf  yellow  pine  beam,  we 
find  the  following  comparison : 

Moment  of  resistance  at  elastic  limit  of  reinforcement  of  rein- 
forced beam  equals  400  bh'^ 

Moment  of  resistance  of  long  leaf  yellow  pine  at  failure  (modu- 
lus of  rupture,  8,000  pounds  per  square  inch),  equals  1333  bh-. 


HYDRO-ELECTRIC   POWER  DEVELOPMENT  AT  AND  NEAR  JOLIET,  ILL.,  USING 
CHICAGO  DRAINAGE  CANAL  WATER. 

By  Thos.  T.  Johnston,  M.  W.  S.  E. 
Presented  Sept.  jo,  igoj. 

Years  before  the  Chicago  Drainage  Canal  was  actually  undertaken, 
much  was  said  concerning  the  water  power  which  would  incidentally 
be  created;  much  more  perhaps,  than  the  facts  justified.  However, 
the  canal  is  in  a  large  measure  completed  and  water  is  flowing 
through  with  the  result  that  it  is  feasible  to  develop  four  water 
power  plants  at  a  cost  which  will  permit  of  commercial  utility.  One 
is  at  Lockport ;  one  is  at  Jackson  street  in  Joliet ;  another  several 
miles  below  central  Joliet,  and  there  is  one  at  Marseilles.  The 
aggregate  electrical  horse  power  practicable  is  about  60,000,  if  a 
flow  of  600,000  cubic  feet  per  minute  from  the  drainage  canal  can 
be  had.  This  flow  may  not  be  had  for  some  years  to  come,  but  is 
near  enough  at  hand  to  justify  hydraulic  works  for  utilizing  it  in 
any  constructions  which  may  now  be  made,  even  if  full  machinery 
installation  be  postponed.  The  flow  required  by  law  at  this  time  is 
360,000  cubic  feet  per  minute,  and  such  a  flow  and  possibly  a  little 
more  will  doubtless  have  existence  in  a  year  or  two. 

That  one,  of  the  four  feasible  powers,  which  is  located  at  Jackson 
street  in  Joliet,  has  been  developed.  The  hydraulic  development  is 
suited  for  the  use  of  600,000  cubic  feet  of  water  when  it  is  avail- 
able, and  mechanical  installation  for  500,000  cubic  feet  is  installed, 
the  work  having  been  completed  in  January,  1903.  A  part  of 
this  power  is  now  being  transmitted  34  miles  to  Chicago,  as  will 
presently  be  explained,  at  an  initial  voltage  of  35,000. 

In  June,  1898,  the  writer  was  called  in  by  Mr.  John  L.  Norton, 
President  of  the  Economy  Light  and  Power  Co.,  of  Joliet,  to  design  and 
undertake  the  construction  of  a  plant  at  the  Jackson  street  location  in 
Joliet ;  hereinafter  this  will  be  referred  to  as  the  Economy  plant.  In 
July  of  that  year  the  general  plan  was  evolved,  involving  the  arrange- 
ment of  dam,  head  race,  power  house,  tail  race,  and  size  of  units.  In 
August  a  litigation  involving  this  power  arose  between  the  Sanitary 
District  and  the  State  of  Illinois,  which  led  to  the  withdrawal  of  the 
writer  from  the  enterprise,  because  he  was  at  that  tim'e  assi^ant  chief 
engineer  (and  later  consulting  engineer)  for  the  Sanitary  District.  The 
State  of  Illinois  is  the  owner  of  the  power  at  this  site  and  leases  it  to  the 
Economy  Company.  The  controversy  turned  on  the  elevation  which 
should  be  given  to  the  crest  of  the  dam,  in  view  of  the  flow  of  water 
which  the  drainage  canal  would  cause.  The  court  decided  that  the 
crest  of  the  dam,  which  was  an  old  one,  constructed  to  facilitate 
navigation  in  the  Illinois  and  Michigan  Canal,  must  remain  un- 
changed.    This  decision  made  it  difficult  to  dispose  of  flood  waters 
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on  the  part  of  the  Sanitary  District,  which  difficulty  was  overcome 
by  an  arranf^ement  being  made  to  accomplish  the  desired  end  inci- 
dentally with  the  construction  of  the  power  plant  as  designed  by 
the  writer,  and  the  court  entered  a  consent  decree  accordingly.  The 
arrangement  stipulated  that  the  State  should  pass  water  through 
water  wheels  or  overflow  gates  in  any  power  plant  which  might  be 
built,  and  in  such  manner  that  the  water  level  abov^e  the  dam  should 
not  raise  higher  than  36.00  Chicago  datum.  The  capacity  of  the 
water  wheel  installation  is  substantially  equal  to  caring  for  all  sur- 
plus waters  in  liood  times,  and,  in  case  the  wheels  be  not  in  operation, 
gates  in  the  rear  of  the  wheel  bays  will  accomplish  the  same  result. 
The  Sanitary  District,  on  its  part,  was  required  to  excavate  the  tail 
race  which  will  be  described  further  on.  Another  element  of  the 
consent  decree  was  the  requirements  to  feed  the  Illinois  and  Mich- 
igan Canal,  at  the  opposite  side  of  the  river  with  a  flow  of  30,000 
cubic  feet  per  minute.  This  is  accomplished  by  means  of  a  tunnel 
under  the  river,  built  by  the  Sanitary  District,  who  also  built  the 
dam  after  the  designs  by  the  writer. 

The  litigation  being  concluded,  the  writer  resumed  his  charge  of 
the  work.  In  October,  1900,  the  temporary  unit  was  put  in  opera- 
tion. In  July,  1901,' three  other  units  were  completed  and  in  Jan- 
uary, 1903,  two  others. 

There  exists  in  the  DesPlaines  river,  at  or  near  Joliet,  two  other 
water  power  possibilities,  the  one,  several  miles  above  and  the  other 
several  miles  below  the  plant  of  the  Economy  Light  and  Power  Com- 
pany. The  one  above  may  be  developed  under  a  head  variously 
estimated  at  28  to  34  feet — we  may  say  32  feet  for  present  pur- 
poses— and  is  known  as  the  Lockport  water  power  owned  by  the 
Sanitary  District  of  Chicago.  The  one  below  may  be  developed 
under  a  head  of  about  20  feet,  and  is  known  as  the  Hickory  Creek 
water  power,  and  is  owned  conjointly  by  the  Sanitary  District,  the 
State  of  Illinois,  and  what  has  been  styled  as  the  Gaylord  syndicate. 
The  Gaylord  people  have  title  to  10  feet  of  the  head  on  both 
sides  of  the  river,  while  the  title  to  the  other  10  feet  is  divided 
between  the  State  and  the  Sanitary  District.  It  will  be  only  at  the 
end  of  a  litigation,  part  of  which  is  now  under  way,  that  this 
Hickory  Creek  power  can  be  developed  under  20  feet  head,  though 
nothing  can  intervene  to  prevent  Gaylord  from  developing  the 
power  under  10  feet  head. 

Mention  has  been  made  of  the  intention  of  the  Sanitary  District 
to  develop  these  two  water  powers.  In  this  connection  the  follow- 
ing published  statement  as  to  cost  and  revenue  is  quoted. 

"  The  cost  of  the  Lockport  development  amounts  to  52,750,000,  in  which  is 
included  the  cost  of  the  pole  line  complete  for  transmission  to  (^hicago.  The  cost 
of  the  Joliet  development,  which  also  covers  transmission,  will  be  590O,ooo,  or  a 
total  for  the  two  developments  of  J?3, 740,000.     With  our  flow  of  water  at  its  maxi- 
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mum  of  600,000  cubic  feet  per  minute,  the  resulting  power  on  the  heads  which  we 
can  secure  at  the  respective  sites  will  be  for  Lockport  (32  feet  head)  36,352  gross 
horse  power  and  at  Joliet  ("20  feet  head)  22,720  gross  horse  power. 

"I  use  only  75  per  cent  of  the  gross  horse  power  when  figuring  what  will 
be  available  for  service.  On  this  basis  we  would  have  at  Lockport  27,264  net 
horse  power,  at  Joliet  17,040  net  horse  power.  I  base  my  estimate  of  revenue  on 
;^25  per  annum  per  horse  power  for  ij-hour  horse  power.  Even  on  these  con- 
servative figures  the  revenue  from  Lockport  power  would  be  $681,600  and  from 
Joliet  $426,000,  or  a  total  annual  revenue  of  $1,107,600  as  a  minimum  annual  re- 
turn on  a  maximum  investment  of  $3,740,000.  This  work  could  all  be  completed 
within  two  years  from  the  time  the  contracts  are  perfected. " 

The  writer  simply  quotes  these  figures,  without  any  intention  of 
criticising  or  approving  them,  as  a  basis  for  some  discussion  of 
what  may  be  accomplished  by  the  transmission  of  this  power  to 
Chicago  for  municipal  uses,  or  by  otherwise  using  it.  He  is  inclined 
to  differ  from  the  figures  quoted  in  one  particular  only,  namely  :  70 
per  cent  of  the  gross  horse  power,  instead  of  75  per  cent  should  have 
been  used  in  arriving  at  the  number  of  horse  power,  the  estimated 
value  of  which  is  $25  each.  The  reason  for  this  is  that  a  combined 
efficiency  of  water  wheels  and  electric  generators  exceeding  70  per 
cent  cannot  be  attained  in  practice,  when  the  extraneous  losses  due 
to  electric  cables  and  water  wheel  settings  and  obstructions,  which 
are  not  included  in  guaranteed  efficiencies  of  water  wheels  and  elec- 
tric generators,  are  considered;  and  therefore  only  70  per  cent  of 
the  gross  horse  power  can  be  had  at  the  switch  board,  where  sala- 
ble horse  power  is  measured.  The  writer  has  designed  two  water 
driven  electric  plants  working  under  substantially  3  5  feet  head  and 
has  not  felt  justified  in  estimating  quite  as  much  as  70  per  cent 
combined  efficiency  of  water  wheels  and  generators,  switch  board 
measurement  being  contemplated  for  power  output. 

MUNICIPAL  USES. 

The  proposition  to  transmit  this  Sanitary  District  or  Drainage 
Canal  power  to  Chicago  for  municipal  purposes  is  purely  and  sim- 
ply of  a  commercial  nature.  The  municipality  in  this  matter,  is  in 
the  same  position  as  the  individual  investor  in  industrial  enterprises. 
The  paramount  question  is:  Will  it  pay,  and,  if  so,  how  much  t  The 
processes  of  figuring  the  financial  merits  of  the  proposition  will  be 
just  the  same  as  if  it  was  a  private  enterprise. 

It  will  be  sufficient  to  consider  the  matter  in  relation  to  the 
Lockport  development  alone,  since  the  amounts  of  power  considered 
are  so  large  that  there  would  be  no  economies  eliminated  by  con- 
sidering these  two  water  powers  together. 

The  municipality  has  substantially  two  uses  for  power  :  First,  for 
water  supply  pumpage  ;  second,  for  electric  lighting.  It  has  been 
said  that  it  might  use  power  for  its  street  car  uses,  but  this  is  so 
problematic  and  far  in  the  future  that  it  need  hardly  be  considered 
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at  this  time.  All  other  municipal  uses  of  power  are  very  small  or 
not  applicable. 

The  application  of  electric  power  to  the  existing  water  works 
pumpinij^  engine  is  practically  out  of  the  question.  The  speeds  are 
such  that  a  belt  or  gear  or  rope  drive  would  be  needed  between 
the  motor  and  pump.  None  of  the  pumps  are  built  with  a  view  to 
such  a  connection,  and  in  the  case  of  nearly  all  of  them  it  is  sub- 
stantially impracticable  to  modify  them,  that  such  a  connection  could 
be  made.  From  the  point  of  view  of  the  electrical  engineer,  it  is 
easy  enough  to  install  motors.  From  the  point  of  view  of  the  hy- 
draulic engineer,  it  is  not  clear  how  the  application  can  be  made. 
The  author  has  been  in  intimate  contact  with  the  problem  at  Bridge- 
port, on  a  large  scale,  and  has  also  had  much  to  do  with  the  Chicago 
water  works  engines  at  one  time  or  another,  and  is  of  the  opinion 
that  the  application  of  electric  drives  to  the  existing  pumping  en- 
gines is  substantially  impracticable. 

However,  without  arguing  this  side  of  the  question  further,  it 
may  be  stated  that  there  is  an  objection  to  the  use  of  water  power 
electricity  for  water  works  pumping  that  is  more  serious  than  any 
financial  question,  and  that  is  the  absolute  certainty  of  interruption 
in  the  operation  of  the  power  plant  at  Lockport  by  anchor  ice. 
With  the  power  plant  at  Lockport  shut  down,  the  water  supply  of 
this  city  would  be  stopped.  And  there  seems  to  be  no  way  of  de- 
feating the  anchor  ice.  There  have  been  several  shut  downs  last- 
ing for  some  hours  at  the  Economy  Light  and  Power  Co.  Plant 
during  this  and  last  winter.  The  water  enters  the  wheel  bays  but 
does  not  congeal  until  it  comes  in  contact  with  the  iron  or  masonry, 
and  then  ice  builds  up  quickly.  We  have  had  it  completely  block 
the  entrances  to  the  water  wheels  while  running  and  completely 
cover  the  wheels  so  they  could  not  be  seen.  The  action  is  so  quick 
that  no  steam  driven  adjunct  would  be  a  safeguard.  Contingencies 
of  this  kind  are  hardly  to  be  tolerated,  and  would  seem  to  elimi- 
nate water  power  electricity  from  application  to  the  water  works 
pumping  engines.  It  may  be  stated  also,  that  the  improvements  in 
steam  performance  of  pumping  engines  in  the  last  few  years,  by  use 
of  high  steam  pressures  and  superheated  steam  and  other  things 
have  reduced  the  horse  power  cost  to  something  like  $30  per  year, 
and  the  end  is  not  yet,  as  may  be  proved  when  the  new  pumps 
the  city  is  so  wisely  installing  at  the  Chicago  Avenue  station  are 
tested.  Now,  take  power  on  the  switchboard  at  Lockport  at  S25.00 
per  horse  power  per  year,  and  let  the  losses  between  Lockport  and 
the  pumping  station  be  1 5  per  cent,  then  the  value  of  the  power  at 
the  pumping  station  will  be  S29.4 1  per  year.  If  this  be  true,  it  is 
not  clear  where  the  advantage  in  the  transmission  comes  in. 

The  assumption  of  15  per  cent  loss  is  justifieil  on  the  basis  that 
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the  Lockport  power  would  be  transmitted  to  some  central  point,  as 
near  the  heart  of  the  city  as  possible,  and  at  a  very  high  voltage, 
say  35,000.  To  this  point  the  losses,  including  those  through  the 
transformer,  would  be  lo  per  cent.  At  this  point  the  voltage  would 
be  stepped  down  to  some  intermediate  amount,  say  12,000.  From 
this  point  the  power  would  be  transmitted  on  feeder  circuits  to  the 
several  pump  houses,  thus  involving  another  5  per  cent  loss.  It 
would,  of  course,  be  utterly  impracticable  to  run  30,000-volt  circuits 
through  the  city,  nor  could  the  transmission  be  profitably  made 
from  Lockport  to  Chicago  at  the  lower  voltage. 

The  only  other  substantial  use  the  municipality  has  for  electric 
power  is  for  street  lighting,  that  is  for  arc  lights.  It  is  claimed  that 
there  will  be  36,352  gross  horse  power  in  the  water  column  at 
Lockport.  As  a  matter  of  fact  the  present  legally  required  flow 
through  the  Drainage  Canal  will  give  but  24,000  gross  horse  power. 
However,  let  the  greater  amount  be  assumed  for  the  present.  Tak- 
ing the  combined  efficiency  of  water  wheels  and  generators  at  70 
per  cent  there  will  be  25,446  horse  power  on  the  switch  board  at 
Lockport.  The  next  question  is  as  to  how  much  of  this  power  can 
be  delivered  at  the  point  of  application  in  Chicago.  The  nature  of 
the  case,  as  will  appear  further  on,  is  such  that,  we  may  assume  a 
35,000-volt  transmission  to  the  intersection  of  Ashland  Avenue  and 
Archer  Avenue.  Here  there  would  be  a  step-down  to  about  12,000 
volts,  and  thence  a  distribution  in  feeders  to  points  of  application 
where  there  would  be  another  step-down  transformation.  It  can 
hardly  be  contemplated,  that  with  main  line  losses,  three  transformer 
losses  and  feeder  line  losses,  more  than  85  per  cent  of  the  Lock- 
port  power  will  reach  the  point  of  application  of  power.  That  is, 
there  will  be  delivered  21,629  horse  power. 

There  is  little  doubt,  and  certainly  it  involves  the  least  cost  for 
installation,  but  that  enclosed  series  alternating-current  arc  lamps 
would  be  adopted  for  the  service.  The  next  question  then,  is  as  to 
the  number  of  lamps  the  power  would  serve.  There  have  been  in- 
stalled recently,  two  25-light  circuits  of  such  lamps  in  Joliet,  one 
lamp  to  each  block,  and  both  circuits  near  by  the  power  house,  and 
we  find  that  by  switchboard  measurement  at  the  power  house,  each 
lamp  uses  power  at  the  rate  of  0.67  horse  power.  On  this  basis, 
the  power  delivered  at  the  point  of  application  in  Chicago,  would 
serve  32,282  lamps.  If  these  lamps  be  placed  one  at  every  street 
intersection,  and  there  be  sixteen  blocks  to  the  mile,  which  is 
the  general  rule,  then  an  area  of  112.5  square  miles  would  be 
covered,  which  is  not  much  different  from  the  present  populated 
area  of  the  city.  This  would  mean  exceedingly  intensified  lighting, 
but  either  it  or  its  equivalent  would  have  to  be  installed  to  use  the 
power,  and  the  use  of  all  the  power  must  be  contemplated  since  it 
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is  contemplated  that  substantially  all  the  water  driven  electric  plant 
is  to  be  installed  forthwith.  It  would  certainly  be  the  least  expen- 
sive arrangement  to  make  for  installation  and  operation.  Now,  as 
to  installation  and  operating  expenses  of  such  a  system,  our  exper- 
ience in  Joliet  indicates  that,  for  an  aerial  construction  the  cost  of 
lamp  installation  including  poles,  wire,  lamps,  regulators  and  minor 
fittings,  is  not  less  than  S8o  per  lamp.  With  underground  wires, 
it  is  of  course  much  more,  but  this  element  of  cost  will  not  now  be 
considered.  At  58o  per  lamp  the  installation  cost  would  be 
$2,582,000,  neglecting  the  cost  of  feeder  lines.  It  appears  from 
the  reports  that  the  city  has  been  expending  about  $100,000  per 
year  in  extending  its  electric  light  system,  at  which  rate  it  would 
take  over  25  years  to  make  the  installation  needed  to  use  the 
the  Lockport  power,  to  say  nothing  of  underground  construction 
and  of  rising  to  the  increased  operating  expenses. 

The  essential  feature,  however,  is  as  to  the  cost  of  power  to  the 
city  for  electric  lighting,  water  power  electricity  being  used  on  the 
one  hand,  as  against  steam  power  on  the  other  hand. 

The  tax  payer  is  asked  to  invest  his  money  in  this  undertaking 
with  a  view  to  profit.  The  dividends  are  to  appear  in  the  shape  of  re- 
duced taxes  for  other  purposes.  If  he  does  not  put  his  money  in  this 
undertaking  he  would  have  it  available  for  other  enterprises.  It  is 
therefore  proper  to  treat  the  matter  from  an  investment  point  of  view. 

The  items  which  contribute  to  the  cost  of  power  to  the  munici- 
pality will,  in  general,  be  as  follows : 

1.  Interest  on  Investment. 

2.  Depreciation  and  Maintenance. 

3.  Operation  of  Plant. 

4.  Rent. 

5.  Going  Concern  Charges. 

6.  Miscellaneous. 

7.  Sinking  Fund  or  Equivalent. 
Item  I  needs  no  discussion. 

Item  2  refers  to  that  expenditure  which  is  needed  currently  and 
that  money  which  is  to  be  set  aside  annually  for  future  expenditure, 
in  order  to  keep  the  plant  up  to  a  uniform  standard  of  usefulness. 

Item  3  refers  to  fiscal  office  expenses  and  power  house  expenses. 

Item  4  refers  to  the  rent  the  municipality  (Chicago)  must  pay 
the  Sanitary  District,  which  is  assumed  to  be  the  same  as  anybody 
else  would  pay  to  the  district.  It  is  a  revenue  that  the  tax  payer 
must  relinquish,  if  the  item  be  not  considered,  and  therefore  it 
should  be  charged  against  the  cost  of  power  to  the  municipality. 

Item  5  needs  some  explanation.  There  can  be  no  question  but 
that  the  interest  on  money  expended  during  construction  up  to  the 
time  of  operating  the  plant  is  a  proper  item  to  add  to  capital  account. 
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If  the  construction  be  done  in  two  years  and  the  interest  rate  be  4 
per  cent,  and  the  expenditure  be  made  uniformly,  then  4  per  cent 
of  the  cash  investment  may  be  added  to  the  amount  expended  to 
arrive  at  the  total  investment.  Thus,  if  82,750,000  be  the  cash  in- 
vestment, then  adding  4  per  cent  to  this,  the  total  investment  be- 
comes S2, 860,000.  This  is  true  whether  the  money  be  raised  by 
taxation,  or  by  bonds.  Now,  if  upon  completion  of  construction, 
the  whole  plant  be  put  in  operation  substantially  at  once,  then  there 
would  be  no  further  increment  to  capital  account,  assuming,  of 
course,  that  no  accident  or  other  causes  made  necessary  any  expen- 
ditures or  losses  beyond  those  involved  in  the  other  items  of  cost 
of  power. 

The  nature  of  the  case  is  such  that  substantially  the  whole  cash 
investment  is  to  be  made  in  two  years  or  such  a  matter.  It  has 
further  been  shown  that,  in  order  to  use  all  the  power,  heavy  in- 
vestments must  be  made  by  the  municipality  to  install  apparatus 
and  a  heavy  operation  charge  be  incurred.  These  are  so  large  that 
there  can  be  no  hope  of  attaining  to  them  short  of  some  years, 
doubtless  ten  years  or  more  after  the  plant  is  in  operation.  Daring 
this  period  a  portion  of  the  plant  must  be  idle,  the  magnitude  of 
such  portion  diminishing  as  time  goes  on  and  until  all  the  power  is 
used.  Meantime  the  taxpayer  is  getting  no  profit  from  the  idle 
portion  of  the  plant  and  is  a  loser  to  that  extent,  unless,  as  has 
been  contemplated  at  one  time,  that  rental  price  for  the  whole  power 
be  paid  from  the  time  of  completing  construction,  and  then  the 
municipality  is  the  loser.  Whether  taxpayer  or  municipality  is  loser 
makes  no  difference.  The  loss  exists  and  for  convenience  may  be 
assigned  to  the  municipality  in  the  form  of  excess  rental.  The 
accumulated  amount  of  this  excess  is  money  invested  in  the  pro- 
duction of  the  power  and  should  be  added  to  capital  account,  or, 
what  is  the  same  thing,  the  interest  on  such  accumulation  may  be 
entered  as  an  annual  charge  for  cost  of  power.  The  name  to  be 
given  to  this  interest  item  is  usually  stated  to  be  the  expense  of 
creating  a  "going  concern."  It  has  been  recognized  by  arbitration 
boards  and  by  the  courts  as  proper  in  evaluatingwater  works  plants 
and  is  conceded  to  be  between  i  5  per  cent  and  20  per  cent  of  the 
cash  investment  in  some  plants.  The  interest  on  this  i  5  per  cent 
or  20  per  cent  is  the  annual  charge  against  the  cost  of  power  con- 
templated in  item  (5)  above.  If  it  requires  ten  years  to  bring  all 
the  force  into  use,  at  a  uniform  rate,  then  half  of  the  rent  paid  in 
the  ten  years  would  be  paid  without  any  return  for  it.  It  is  money 
put  into  the  cost  of  power  on  which  there  has  been  no  return,  and 
it  has  been  put  in  for  all  time.  Interest  on  this  permanent  invest- 
ment should  therefore  be  a  charge  against  cost  of  power  for  all  time. 

Item  (6)  refers  to  legal  expenses,  administration  charges,  such  as 
the  proportional  charges  of  expenses  of  Trustees  of  Sanitary  District, 
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expenses  for  damages  to  life  and  limb  of  employes,  and  other  unfore- 
seen things.  It  may  properly  include  a  consideration  of  taxes,  for 
reasons  as  follows  :  It  has  in  general,  been  governmental  policy  to 
encourage  the  development  of  public  potentialities,  thereby  creating 
wealth, creating  employment  for  more  people, and  increasing  the  taxes 
available.  New,  if  this  power  is  to  be  used  by  the  municipality,  it 
cannot  be  instrumental  in  creating  taxable  property,  and  the  taxes 
which  would  otherwise  be  collected  will  be  lost,  and  should  be  a 
proper  charge  against  the  cost  of  power. 

Item  (7)  is  one  frequently  required  in  the  financing  of  industrial 
enterprises,  and  has  in  view  the  possibility  that  the  plant,  although 
it  be  kept  up  to  a  uniform  state  of  usefulness  as  contemplated  by 
item  (2),  still,  after  a  certain  length  of  time  may  pass  out  of  use, 
say  by  the  substitution  of  something  better,  without  having  any 
salvage  value  that  will  restore  to  the  investor  his  original  invest- 
ment in  it.  It  is  not  intended  by  the  writer  to  assign  to  it  any 
financial  value  herein,  but  he  wishes  to  mention  it  for  what  it  is 
worth.  He  will  assume  that  the  plant  has,  with  the  application  of 
items  (i)  to  (6)  inclusive,  an  indefinite  life. 

It  is  in  order  now  to  assign  money  values  to  these  items,  and  it 
will  simplify  matters  somewhat  to  assign  these  v^alues  to  both  water 
driven  and  steam  driven  plants  conjointly,  and  summarize  the  results 
in  parallel  columns. 

ITEM   I INTEREST  ON  INVESTMENT. 

Water  Driven — The  estimated  cash  investment  is  stated  to  be 
$2,750,000  and  time  of  construction  two  years.  Adding  interest 
on  investment  during  construction — say  4  per  cent — and  the  total 
becomes  $2,760,000-  The  interest  charge  being  taken  at  4  per 
cent  would  be  $1 14,400  annually. 

Steam  Drrc'en— The  magnitude  of  the  power  under  considera- 
tion is  such  that  a  number  of  steam  units  may  be  contemplated, 
each  of  which  would  ordinarily  be  called  large — so  large,  that  steam 
turbine  driven  generators  may  be  considered,  at  a  cost  not  exceed- 
ing $70  per  horse  power,  at  point  of  application  of  the  power — this 
cost  including  real  estate,  buildings,  boilers,  engines,  generators, 
switchboards,  and  all  construction  costs,  including  interest  on  in- 
vestment during  construction,  up  to  point  of  application  of  power. 
It  is  to  be  noted  that  a  steam  driven  plant,  being  made  up  of  a 
number  of  units,  located  at  several  more  or  less  distributing  stations, 
need  not  be  constructed  all  at  one  time,  and  the  construction 
period,  when  interest  charges  accumulate,  would  be  much  shorter 
than  for  the  water  driven  plant.  At  $70  per  horse  power,  and  with 
21,629  horse  power  to  generate,  the  total  investment  would  be 
$1,514,000.  The  interest  charge,  taken  at  4  per  cent,  would  be 
$60,560. 
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ITEM  2 DEPRECIATION  AND  MAINTENANC     . 

Water  Dnz'en — Say  2  per  cent,  or  $57,200  annually. 
Steam  Driven — Say  5  per  cent,  or  $75,400  annually. 
Modern  steam  driven  plants  should  easily  have  a  life  of  20  years. 

ITEM   3 OPERATION  OF  PLANT. 

Water  Driven — Say  $20,000  per  year,  including  heating,  light- 
ing, cleaning  trash  racks  of  debris  and  ice,  care  of  pole  line  and  all 
miscellaneous  power  house  charges.  The  item  is  so  small  that  any 
error  in  it  is  of  no  import  and  further  discussion  is  unnecessary. 

Steam  D)iven — It  is  proper,  in  making  the  comparison  in  ques 
tion,  to  contemplate  the  most  modern  and  high  class  steam  driven 
electric  machinery.  This  seems  to  involve  steam  turbine  driven 
generators,  working  with  very  high  pressure  superhe?  :ed  steam  un- 
der the  extraordinary  economy  developed  in  the  past  ear  or  two  by 
such  machines,  and  involving  high  efficiency  at  fr  tional  loads. 
The  units  will  be  large  enough  to  justify  the  highest  type  of  boiler 
construction  and  economic  performance.  With  such  machines  the 
cost  of  24-hour  power  should  not  exceed  $24  per  ye;  '  for  operation 
Arc  lamps  are  not  in  use,  even  with  the  most  lavish  use  more  than 
ten  hours  per  day  as  an  average,  so  that  lo-hour  power  is  to  be  con- 
sidered, the  cost  of  which  for  operation  should  not  exceed  $12  per 
horse  power.  There  being  21,629  horse  power,  the  annual  operat- 
ing cost,  when  all  its  power  is  in  use,  will  be  $259,548.  It  will,  of 
course,  be  some  years  before  such  an  operating  expense  will  be  in- 
volved— say  ten  years,  at  least — so  that,  if  this  figure  be  taken,  it 
means  a  charge  against  steam  power  amounting  to  $1,297,740  in 
excess  of  what  will  actually  be  paid  if  the  power  came  into  use  at 
an  uniform  rate.  However,  it  will  be  allowed  to  stand,  and  to  some 
extent  justifies  further  the  "going  concern"  charge  against  water 
power. 

ITEM  4 RENT. 

Water  Driven — Nearly  five  years  ago  the  Sanitary  District  ad- 
vertised for  bids  for  leasing  the  undeveloped  water  power  at  Lock- 
port,  and  was  offered  $4  per  horse  power  per  year,  based  on  the 
gross  horse  power,  if  the  writer  remembers  rightly,  and  the  plant 
to  belong  to  the  Sanitary  District  at  the  end  of  fifty  years.  In  any 
event,  it  is  worth  more  now.  Those  uses  of  electric  power  which 
have  led  to  a  ready  market  for  it  have  substantially  come  into  ex- 
istence since  those  bids  were  received.  Less  than  two  years  ago 
it  seemed  as  if  not  more  than  half  the  output  of  the  Economy  Light 
&  Power  Company  could  be  marketed  at  Joliet,  and  this  fact  led  to 
the  construction  of  an  expensive  pole  line  to  Chicago  to  furnish 
500  to  600  horse  power  to  the  State  Canal  Commission.  If  it  was 
to  be   done  again,   this    pole  line  would   not  be  undertaken.     In 


304 


Poit'tr  Devi'lopmctit  A'ear  Joliei . 


view  of  these  things,  it  seems  to  the  writer  that  a  rental  value  of 
$6  per  horse  power  for  the  gross  horse  power  is  fair  to  have  in  view. 
There  being  36,352  gross  horse  power,  the  annual  rent  should  be 
$218,1 12. 

Stc'ciJii  Driven — No  rent  item  is  involved  for  steam  driven  power. 

ITEM    5 GOING    CONCERN    CHARGES. 

Water  Driven  —  The  rent  paid  for  ten  years  will  be  $2,181,- 
120,  and  if  the  power  came  into  use  at  an  uniform  rate  during 
this  period,  then  the  excess  rent  paid  will  be  $1,090,500, 
the  interest  on  which,  at  4  per  cent,  will  be  $41,822  annually. 
Furthermore,  the  interest  on  investment  will  go  on  for  ten  years 
and  amount  to  $1,144,000,  thus  adding  half  this  amount  to  capi- 
tal account,  or  $572,000.     The  interest  on  this  amount  is  $22,880. 

The  going  concern   charge  will  therefore   be   $64,702  annually. 

Steam  Driveji  —  Since  a  steam  driven  plant  may  be  installed 
gradually,  to  all  intents  and  purposes,  as  the  power  is  required,  no 
charges  are  involved. 

ITEM    6 MISCELLANEOUS. 

This  item  may  be  omitted  on  the  ground  that  it  applies  with  sub- 
stantially equal  force  to  both  types  of  plant. 

ITEM    7 SINKING    FUND. 

It  has  already  been  said  that  this  item  will  not  be  considered. 

SUMMARY. 


Water  Driven. 

Steam  Driven. 

Annual 
Rate. 

Annual 
Charge 

Annual 
Rate 

Annual 
Charge 

1.   Interest  on  Investment 

4  per  cent 
2  percent 

$114,400 

57,200 
20,000 

$   CO.  560 

2.  Depreciation  and  Maintenance.. 

3.  Operation  of  Plant 

75,400 
259,548 

4.  Rent 

$0.00 

218.112 
64,702 

None 

5.  Going  Concern  Charges 

None 

6.   Miscellaneous 

Omit 
Omit 

Omit 

7.   Sinking  Fund 

Omit 

Total 

$474,414 

$395,508 

It  appears  from  these  figures  that  the  steam  driven  development 
has  a  less  annual  charge  by  $78,906  per  year,  and  that,  as  far  as 
municipal  use  of  power  is  concerned,  the  ta.x  payer,  either  of  the 
sanitary  district,  or  the  municipality,  will  lose  that  much  money 
annually  by  using  the  water  driven  electricity.     Water  driven  elec- 
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tricity  will  cost  him  about  $22  per  horse  power  for  ten  hour 
power,  and  steam  driven  power  $18. 

The  conclusion  is  that  it  is  impracticable  to  apply  the  water  driven 
electric  power  to  water  supply  pumping,  and  it  is  less  expensive  to 
apply  steam  driven  power  to  electric  lighting ;  these  are  substan- 
tially the  only  uses  the  municipality  has  for  -power. 

It  may  be  asked  what  influence  the  existing  electric  light  plant 
has  on  the  question.  Evidently,  it  has  none.  If  the  city  had  the 
means  at  hand,  it  would  doubtless  pay  to  replace  it  with  something 
more  modern,  which  gives  rise  to  the  inquiry  as  to  where  the  city 
would  get  the  money  to  use  this  Drainage  Canal  power,  if  it  was 
developed. 

Unless  the  Sanitary  District  goes  into  the  sale  of  power  to  private 
consumers,  probably  outside  of  the  city  and  outside  of  Cook  county, 
it  does  not  seem  that  there  is  any  commercial  advantage  in  the  de- 
velopment. 

COMMERCIAL  USES. 

The  financial  merits  of  transmitting  the  power  to  Chicago  for 
general  "commercial  uses"  are  as  follows: 

This  feature  of  the  matter  introduces  some  new  elements,  not 
brought  out  in  discussing  the  merits  for  "municipal  uses." 

(A)  Interest  Charges — Applied  to  "municipal  uses,"  the  writer 
used  4  per  cent  as  the  rate,  assuming  that  for  "  municipal  purposes  " 
money  has  that  value,  or  the  municipality  could  borrow  at  that  rate 
for  that  purpose.  Borrowing  money  is  not  contemplated,  however, 
and  the  real  and  proper  criterion  might  better  have  been — "  What 
would  the  money  be  worth  to  the  taxpayer  if  not  invested  in  the 
power  proposition  V  In  answer  to  this,  it  might  be  said  that  sooner 
or  later  the  money  must  be  invested  anyhow  for  power  in  some 
form — either  steam  or  water  driven — and  the  value  should  be  based 
on  4  per  cent,  or  the  rate  at  which  the  municipality  can  borrow  it. 
No  such  answer  can  be  made,  if  "  commercial  use  "  of  power  is  to 
be  considered.  The  straight  business  method  is  to  figure  the  mat- 
ter just  as  a  private  corporation  would,  and  assign  an  interest  rate 
corresponding  to  the  value  of  the  money  for  the  purpose  for  which 
it  is  to  be  used,  which  in  this  case  is  known  to  be  not  less  than  5 
per  cent.  The  taxpayer's  money  is  certainly  worth  5  per  cent  to 
him  invested  in  other  industrial  lines  akin  to  power  plants.  This 
figure  will  now  be  used. 

(B)  Depreciation  ajid  Maintenance — In  discussing  this  feature  in 
reference  to  "  municipal  uses,"  2  per  cent  was  used,  but  contem- 
plated that  the  power  would  be  delivered  in  one  large  lump  to  the 
municipality,  and  that  the  depreciation  and  maintenance  beyond 
that  point  would  be  borne  by  the  lighting,  and  not  be  charged 
against  the  power.     It  is  quite  different  in  the  case  of  "  commer- 
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cial  uses"  where  the  power  has  to  be  delivered  to  the  consumer  at 
points  of  use,  and  feeder  Hues,  various  transformers,  and  other 
things  must  be  looked  after.  Capital  account  should  be  increased, 
and  the  items  involved  are  of  a  nature  in  which  depreciation  is  very 
heavy.  Underground  construction  is  involved,  as  also  insulated 
wire.  In  view  of  these  things,  I  estimate  that  the  "  depreciation 
and  maintenance  "  accounts  should  be  made  3  per  cent  instead  of 
2  per  cent. 

(C)  Capital  Invested — The  capital  invested  on  account  of  power 
will  be  larger  than  if  for  "  municipal  uses  "  on  account  of  the  neces- 
sity of  delivering  the  power  to  consumer  at  point  of  consumption. 
Feeders,  transformers,  switchboards,  underground  construction, 
rotary  converters,  motors,  etc.,  etc.,  are  involved  in  the  expense, 
which  will  be  greater  or  less  according  to  circumstances.  The  total 
capital  to  be  invested  on  this  account  may  reach  Si, 000,000,  or  may 
be  less  than  half  that  amount.  The  item  will  be  omitted  now,  as 
time  is  not  available  for  a  closer  investigation. 

(D)  Taxes — Taxes  should  be  charged  against  the  cost  of  power 
in  cases  of  "commercial  uses,"  for  if  the  taxes  are  not  paid,  still 
they  are  lost,  because  a  private  corporation  would  pay  them  if  the 
water  power,  as  a  whole,  was  leased. 

(E)  Operation — This  should  be  increased  to  $40,000  for  "com- 
mercial uses,"  in  distribution  account,  collection  of  rates,  and  mis- 
cellaneous. 

(F)  Rent — Obviously,  this  should  stand. 

(G)  Going  Concern  Charges — A  proper  policy  will  retain  this 
item,  as  will  be  shown  farther  on, 

(H)  Coinpetitioji — No  question  of  cost  of  steam  driven  power  is 
involved  in  case  of  "commercial  uses,"  except  that  it  limits  the 
revenues  to  be  derived  from  water  power  electricity.  It  can  be 
shown  that  large  consumers  could  not  afford  to  pay  over  $20  per 
horse  power  per  year,  measured  at  the  switch  board  at  Lockport,  so 
if  larger  prices  are  expected,  smaller  consumers  must  be  contem- 
plated. This  would  increase  the  cost  of  installation,  operation,  de- 
preciation, and  other  items. 

The  following  general  statement  may  be  made : 
Cost — Omitting  from  capital  account  the  expense  of  distribution 
of  power. 

1.  Interest  at  5  per  cent  on  $2,860,000 $143,000 

2.  Depreciation  at  3  per  cent  on  $2,860,000.  .      85,800 

3.  Operation 40,000 

4.  Rent 218,112 

5.  Going  Concern  Charges 64,702 

6.  Taxes 30,000 

Total $581,514 
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Power  delivered  21,629  horse  power,  making  the  cost  $26.89  P^^" 
horse  power  per  year. 

Cost — Estimating  only  $500,000  added  to  capital  stock  on  account 
of  expense  of  distribution  of  power. 

1.  Interest  at  5  per  cent  on  $3,360,000 $168,000 

2.  Depreciation  at  3  per  cent  on  $3,360,000.  .    110,800 

3.  Operation 40,000 

4.  Rent 218,112 

5.  Going  Concern  Charges 64,702 

6.  Taxes 30,000 


Total $631,614 

Power  delivered  21,629  horse  power,  making  the  cost  $29.20  per 
horse  power  per  year. 

The  horse  power  cost  would  be  still  more  if  the  capital  account 
is  to  be  increased  further  on  account  of  distribution,  which  is  more 
than  probable. 

As  to  the  propriety  of  retaining  the  "Going  Concern  Charges," 
it  may  be  said  that  the  output  of  the  plant  may  be  sold  very  soon, 
and  that  the  charge  is  too  heavy.  In  reply,  it  may  be  said  that  the 
investment  to  be  made  is  for  developing  the  full  power  due  to 
600,000  cubic  feet  per  minute  flow  ;  whereas  the  existing  flow  is 
much  smaller,  and  it  will  be  some  years  before  the  full  flow  can  be 
attained.  The  charge  should  therefore  stand,  because,  even  if  the 
market  does  or  can  absorb  the  power  at  once,  still,  it  cannot  be  de- 
veloped for  sale  earlier  than  at  an  uniform  rate  of  increase  through 
ten  years,  or  the  equivalent  thereof,  because  of  lack  of  water. 

What  has  been  said  in  this  connection  has  been  based  upon  an 
available  working  head  of  32  feet,  which,  as  will  be  shown  further 
on,  is  too  large  by  10  per  cent  or  more;  so  that,  as  a  matter  of 
fact,  the  costs  of  water  driven  power  above  stated  are  too  small  by 
perhaps  10  per  cent. 

If,  by  any  means,  the  cost  of  installation  can  be  reduced  to 
Si, 000,000,  and  the  writer  is  of  the  opinion,  as  will  presently  be 
discussed,  that  it  can  be,  then  the  commercial  utility  will  be  entirely 
different,  and  can  be  made  profitable  in  a  minor  degree  for  electric 
lighting,  and  in  a  major  degree  for  miscellaneous  commercial  uses. 

Without  tabulating  the  details,  as  already  done  with  a  construc- 
tion cost  of  Si, 000,000  in  view,  which  anyone  can  do  with  the 
data  already  given,  it  will  be  sufficient  to  state  the  results  that  will 
follow  in  comparison  with  a  cost  of  $2,750,000. 
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1ST.       MUNICIPAL    USES. 
Cost  per  Horse  Power. 

Water  Driven 
Cost. 

$2,750,000 

Water  Driven. 
Cost. 

$  1 ,000,000 

Steam  Driven. 

$22.00 

$15.22 

$18.00 

Cost  per 

2D.       COMMERCIAL    USES. 
Horse  Power.     Switchboard  Measurement. 

Water  Driven. 
Cost. 

$2,750,000 

Water  Driven. 
Cost. 

$  1 ,000,000 

Steam  Driven 
Not  Considered. 

$26.89 

$1940 

If  sold  at  $25  per  horse  power  per  year,  there  is  a  good  profit 
if  installation  cost  $1,000,000,  and  a  loss  if  the  cost  of  installation 
be  $2,750,000. 

AX    ALTERNATIVE    PROJECT. 

The  official  proceedings  of  the  Sanitary  District  of  Chicago, 
April,  1 90 1,  contains  what  purports  to  be  an  historical  review  of 
water  power  matters  between  Lockport  and  Joliet,  known  as  the 
Lockport  power,  which  is  signed  by  seven  members  of  the  Board 
of  Trustees.  In  this,  the  writer  is  credited  with  having  presented 
a  plan  in  1 899  for  developing  the  Lockport  power,  in  a  partial  way, 
at  a  cost  of  $600,000.  This  statement  is  not  correct.  What  the 
writer  really  did  is  stated  in  what  follows. 

The  Sanitary  District,  in  1899,  contemplated  leasing  the  unde- 
veloped power  to  the  highest  bidder,  and  advertised  for  and  received 
bids,  which  were  not  accepted.  One  of  the  bidders  obtained  per- 
mission of  the  chief  engineer  of  the  district  to  have  the  writer, 
who  was  then  assistant  chief  engineer,  to  estimate  the  cost  of  de- 
veloping the  power  in  question,  and  to  design  a  plan  for  the  work. 
This  he  did,  and  at  that  time  estimated  the  total  cost  at  $1,250,000, 
but  now  places  it  at  $1,000,000,  including  mechanical  installation 
and  pole  line  to  Chicago. 

The  general  elements  of  the  design  contemplated  are  indicated 
upon  the  accompanying  map,  which  shows  the  valley  of  the  Des 
Plaines  river  from  a  point  some  distance  above  Lockport,  down 
stream  nearly  to  the  site  of  the  Economy  Plant  already  mentioned. 

Note  may  be  made  particularly  of  the  location  of  the  regulating 
or  controlling  works  at  the  end  of  the  Drainage  Canal,  and  of  an 
embankment  at  the  east  of  the  so-called  "  tail  race  "  extending  from 
the  bear  trap  dam  southward  to  the  wire  mill  highway. 
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It  will  be  clear  that,  as  far  as  the  use  of  Drainage  Canal  water  is 
concerned,  and  there  are  periods  of  time  when  it  is  the  only  water 
available,  the  maximum  head  available  for  water  power  will  be  the 
difference  in  level  between  the  water  surface  in  the  end  of  the 
Drainage  Canal  and  in  the  pool  just  above  the  site  of  the  Economy 
Plant  at  low  water.  These  levels  are  both  variable  and  therefore 
the  head  available  will  be  variable.  However,  for  commercial  util- 
ity, that  minimum  head  available  which  will  endure  for  some  days, 
and  which  will  be  recurrent,  say  annually,  is  that  head  which  should 
properly  be  adopted  for  the  basis  of  a  power  design. 

The  maximum  flow  from  the  Drainage  Canal  is  that  which  will 
take  place  when  the  water  surface  therein  is  parallel  to  the  bottom 
of  the  channel,  and  when  the  Drainage  Canal  work  is  complete,  so 
as  to  permit  its  full  fiow  from  Chicago,  the  integrity  of  the  elements 
of  the  canal  pertaining  to  sanitation  being  preserved.  Then  the 
level  of  water  surface  at  the  end  of  the  canal  will  be  about  six 
feet  below  datum  when  the  level  of  Lake  Michigan  is  at  Chicago 
datum.  However,  the  lake  level  for  periods  of  considerable  length, 
and  recurrently,  drops  to  two  feet  below  datum.  An  annual 
level  of  the  lake,  0.58  feet  below  datum,  is  recorded.  Again,  the 
Drainage  Canal  is  becoming  more  or  less  diminished  in  cross-section 
by  deposits  of  debris,  and  in  spite  of  the  dredging  which  must  in 
course  of  time  be  resorted  to,  its  full  prism  cannot  be  maintained. 
Furthermore,  in  the  winter  months  the  flow  will  be  more  or  less 
obstructed  by  ice,  even  if  it  be  kept  well  broken  up.  It  would 
seem,  therefore,  that  a  water  level  at  the  end  of  the  canal  higher 
than  -8.00  feet  Chicago  datum  cannot  properly  be  used  for  the 
basis  of  a  design.  This  is  the  level  determined  by  the  writer  when 
he  calculated  the  grade  of  the  canal. 

The  level  of  the  water  in  the  pool  above  the  Economy  Plant,  at 
flood  time,  is  limited  by  regulation  to  -36.00  feet  Chicago  datum. 
Therefore,  the  head  available  at  flood  times  will  be  limited  to  28 
feet,  which  will  be  the  determining  head,  according  to  the  design 
upon  which  the  Sanitary  District  asked  bids  for  construction. 
However,  if  the  design  the  writer  is  about  to  descrbe  be  con- 
templated, then  it  is  not  the  determining  head,  because  under  the 
lower  head  at  flood  time  there  will  always  be  enough  water  to  create 
more  power  than  can  be  created  under  a  possible  higher  head  at 
low  water.  The  low  water  level  of  the  pool  above  the  Economy 
Plant  may  be  that  which  will  exist  if  the  Economy  Plant  be  sub- 
stantially shut  down,  or  running  at  very  light  load,  and  nearly  all 
the  water  be  flowing  over  the  dam.  The  Illinois  Steel  load  supplied 
from  this  same  source,  is  at  times  shut  down  for  a  considerable 
period  when  overhauling  the  mills,  and  at  times  the  street  car  load, 
also  from  this  source,  is  very  light.     Also,  the  lighting  load  is  off 
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most  of  the  time.  This  level  will  doubtless  not  vary  materially 
from  -38.00  feet,  Chicago  datum.  It  follows,  then,  that  at  low 
water  the  determining  head  will  be  substantially  30  feet. 

From  these  two  determining  heads,  the  slope  in  head  and  tail 
ways  must  be  deducted,  and  this  slope  may  carry  from  one  foot  to 
several  feet,  according  to  the  design.  The  real  head  available  for  a 
design  not  using  flood  waters  will  then  be  not  greater  than  27  feet, 
and  the  head  for  a  design  using  flood  waters  will  be  not  greater  than 
29  feet.  Slope  in  raceways  being  the  same,  a  design  using  flood 
waters  will  create  about  5  per  cent  more  power  continuously  than 
a  design  not  using  flood  waters. 

The  volume  of  water  available  at  time  of  maximum  proper  head 
will  be  the  flow  from  the  Drainage  Canal,  which  will  be  the  same 
for  all  designs  and  may  be  taken  to  be  10,000  cubic  feet  per  second, 
or  600,000  cubic  feet  per  minute  as  it  is  usually  expressed. 

Storage  water  in  the  Drainage  Canal  is  out  of  the  question,  since 
it  will  necessarily  militate  against  the  usefulness  of  the  canal  for 
sanitation,  and  at  times  create  velocity  of  flow  prohibited  by  law 
and  bad  for  navigation,  and  consequently,  any  corresponding  varia- 
tion of  head  water  level  or  volume  of  flow,  is  out  of  the  question. 

It  is  concluded,  from  what  has  been  said,  that  a  head  water  level 
substantially  different  from  -8.  feet,  Chicago  datum,  cannot  properly 
be  considered,  and,  as  far  as  water  power  is  concerned,  a  higher 
level  of  water  in  the  pool  above  a  power  house  would  be  of  no  use. 

What  has  been  said  relates  to  a  design  fitted  to  a  flow  of  600,- 
000  cubic  feet  through  the  Drainage  Canal.  Suppose,  however, 
that  such  a  flow  will  not  come  into  existence  for  some  years,  and 
consequently  the  level  of  the  water  at  the  end  of  the  canal  will  be 
higher  than  -8.00  feet  Chicago  datum.  It  may  be  desirable  there- 
fore, to  fashion  the  permanent  design  so  that  until  the  flow  reaches 
600,000  cubic  feet  per  minute,  the  lesser  flow  can  be  utilized 
under  the  several  feet  more  head  which  will  pertain  to  it.  This  is 
in  the  nature  of  a  temporary  arrangement,  but  should  be  considered. 

A  general  plan,  which  is  the  same  as  conceived  by  the  writer  in 
1 899,  and  in  accordance  with  which  he  has  made  several  expert  re- 
ports since,  is  indicated  on  the  accompanying  map,  at  the  west  side 
of  the  valley  to  the  right  of  the  river.  Proceeding  from  the  end  of 
the  Drainage  Canal  at  the  side  occupied  by  the  Regulating  Works 
and  Bear  Trap  Dam,  the  line  of  the  bank  at  the  east  of  the  "tail  race" 
is  followed  to  the  wire  mill  road.  Thence  a  line  to  the  west  is 
traversed,  crossing  the  "  tail  race,"  and  thence  along  a  line  located 
on  a  contour  of  the  valley  at  -26.00  feet,  Chicago  datum,  nearly  to 
the  I^.  J.  &  K.  R.  R.,  where  a  rather  abrupt  turn  is  taken  down  the 
hill  until  the  river  bed  is  reached,  as  indicated,  antl  here  is  locatetl  a 
power  house.     Along  the  lines  thus  described  a  wall   or  embank- 
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ment  is  proposed,  confining  the  water  to  the  west  bluff  of  the  val- 
ley, as  indicated  by  the  hatched  area.  While  this  area  looks  quite 
large,  there  is  but  a  shallow  depth  of  water  proposed  on  much  of  it, 
especially  at  the  north  end. 

Having  in  mind  for  the  present  a  flow  of  600,000  cubic  feet  per 
minute  through  the  Drainage  Canal,  the  merits  of  a  wall  may  be 
considered,  made  of  Portland  cement  concrete  masonry.  The  writer, 
when  building  the  Swan  Fall  power  plant  on  the  Snake  river  in 
Idaho  several  years  since,  constructed  a  concrete  masonry  dam,  of 
which  two  views  are  shown  in  Figs,  i  and  2.  It  was  designed  to 
withstand  substantially  35-feet  head  at  up-stream  side,  with  12  feet 
of  backwater.  It  has  withstood  three  floods  up  to  this  time, 
in  successive  years.  It  was  designed  also,  with  a  view  to  several 
feet  of  water  flowing  over  it.  Such  a  wall  may  be  used  at  Lock- 
port,  where  solid  rock  foundations  come  to  the  surface  of  the  ground. 


The  top  of  this  wall  would  be  at  substantially  -8.00  feet  Chicago 
datum,  so  that,  if  any  water  be  flowing  which  does  not  go  through 
the  power  house,  it  can  flow  over  the  whole  length  of  the  wall, 
which  is  about  15,000  feet.  Thus  designed,  the  greatest  flood  to 
be  anticipated  would  not  raise  the  water  as  much  as  one  foot  over 
the  top  of  the  wall,  and  it  would  hold  the  head  water  at  substan- 
tially the  same  level  at  all  times.  This  elevation.  -8.00  feet  Chicago 
datum,  it  will  be  remembered,  is  substantially  the  highest  level  of 
head  water  available  for  continuous  power.     Such  a  wall  would  be 
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less  than  i8  feet  hi^h  down  to  the  wire  mill  road,  thence  i8  feet 
high  to  near  the  power  house,  and  at  the  power  house  about  27  feet 
high  for  a  short  distance.  There  would  be  no  construction  on  the 
opposite,  or  west  side  of  the  pool  above  the  power  house.  Such  a 
wall  would  average  three  yards  to  the  lineal  foot  throughout  its 
whole  length,  and  should  not  cost  more  than  §300,000,  the  masonry 
being  everywhere  three  feet  thick.  In  that  Idaho  dam  it  was  five 
feet  thick,  but  the  load  was  much  heavier. 

Instead  of  a  wall,  however,  suppose  that  an  embankment  be  made 
on  the  same  location,  except  adjacent  to  the  power  house,  where 
the  wall  should  be  retained.  The  top  of  the  embankment  may  be 
given  an  elevation  of  5.00  feet,  Chicago  datum.  If  such  a  construc- 
tion be  made,  a  spillway  of  concrete  masonry  about  600  feet  long 
should  be  made,  say  at  the  Wire  Mill  road,  as  indicated  on  the  map. 
The  cost  of  such  construction,  utilizing  the  existing  bank  east  of 
"tail  race"  between  the  Bear  Trap  dam  and  the  Wire  Mill  road, 
will  be  somewhat  less,  and  should  not  exceed  $250,000.  The  Sani- 
tary District  plans  provide  for  using  this  same  bank,  but  raising  it 
to  a  height  of  ten  feet  higher,  or  to  +5.00.,  Chicago  datum.  Their 
specification  for  construction  may  be  used.  The  crest  of  the  spill- 
way being  short,  it  should  be  fitted  with  flash  boards  for  use  at  low 
water,  which  would  be  but  a  .=mall  expense,  to  be  merged  into 
operating  expenses. 

Whether  a  wall  or  embankment  be  adopted,  overflows  should  be 
provided  adjacent  to  the  power  house,  as  indicated  on  the  map,  in 
order  to  clear  floating  ice  and  drift.  The  cost  would  not  exceed 
$25,000  for  an  elaborate  arrangement,  and  is  included  in  the  figures 
already  given. 

The  conditions  below  the  power  house  are  worthy  of  note.  Note 
the  deep  excavation  made  by  the  Sanitary  District,  extending 
north  from  Ruby  street  as  indicated  on  the  map.  Also,  note  the 
wide  spread  of  the  river  at  low  water  (as  indicated  by  the  hatching) 
northward  from  said  excavation  to  the  site  of  the  power  house.  It 
has  been  stated  that  hereinbefore  that  the  available  head  under  a 
design  of  the  kind  being  described  could  not  exceed  29  feet,  as 
against  27  feet  available  under  a  design  which  excluded  the  use  of 
flood  waters  and  confined  the  water  for  power  purposes  to  that 
which  may  flow  in  the  Drainage  Canal.  Now,  if  the  slope  between 
the  site  of  the  proposed  power  house  and  the  site  of  the  Economy 
Plant  be  allowed  to  be  2)4  feet  (6  inches  of  slope  being  allowed 
in  the  head  race),  then  little  or  no  work  will,  in  the  opinion  of 
the  writer,  be  needed  below  the  site  of  the  power  house.  Certainly 
$50,000  would  cover  any  needed  expenditure,  and  this  would 
be  in  the  immediate  vicinity  of  the  power  house  in  order  to 
clear    the  water    easily    from    the    wheel    bays.     Any   backwater 
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effect  due  to  flood  waters  in  the  tail  race  will  be  of  no  consequence 
on  the  amount  of  power,  because  at  such  times  there  will  be  plenty 
of  water  to  develop  the  power  with  diminished  head,  enough  water 
wheel  capacity  only  being  needful  for  this  purpose,  and  this  at  small 
expense,  not  exceeding  $25,000. 

It  appears  that  the  expense  of  hydraulic  development  sums  up 
between  $300,000  and  $350,000,  except  the  cost  of  power  house, 
mechanical  installation,  and  the  work  needed  at  the  Lockport 
and  wire  mill  highways.  At  Lockport  road,  the  existing  highway 
bridge  will  not  be  disturbed,  and  the  approaching  embankment 
at  the  west  end  only  will  have  to  be  raised.  At  the  wire  mill  road 
a  new  bridge  will  be  needed  with  approaches  in  embankment.  The 
cost  at  those  highways  should  not  exceed  $25,000. 

The  power  house  expense,  including  its  contained  machinery, 
will  be  common,  to  all  designs  for  developing  the  water  power  in 


Fig.  2. 


question,  except  as  to  water  wheels  as  already  stated,  and  need  not 
be  discussed.  The  other  expense,  as  already  estimated,  sums  up 
between  $350,000  and  $400,000. 

It  has  already  been  stated  that  until  that  time  when  the  flow  in 
the  Drainage  Canal  is  made  600,000  cubic  feet  per  minute,  and 
during  which  time  the  slope  in  the  Drainage  Canal  will  be  less,  and 
the  available  head  possibly  four  feet  more  than  has  been  con- 
sidered for  the  flow  of  600,000  cubic  feet  per  minute,  that  some 
provision  should  be  made  to  utilize  the  increased  head.  The  only 
way  to  accomplish  this  will  be  to  raise  the  level  of  the  top  of  the 
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wall  or  embankment  above  the  power  house  by  four  feet.  This 
would  increase  the  cost  of  the  wall  design  30  per  cent  or  $90,000 
and  the  cost  of  the  embankment  design  20  per  cent,  or  $50,000, 
thus  making  the  total  cost  of  hydraulic  development  come  between 
$400,000  and  $490,000,  according  as  an  embankment  or  masonry 
wall  be  adopted,  unless,  as  in  the  Sanitary  District  design,  it 
be  contemplated  that  the  maximum  level  of  water  above  power 
house  site  comes  substantially  level  with  top  of  the  earth  embank- 
ment, in  which  event  the  embankment  plan  would  cost  only 
5360,000. 

Among  the  advantages  of  the  plan  proposed  may  be  cited  the 
fact  that,  when  the  Drainage  Canal  is  extended  as  a  navigable 
channel  to  and  through  Joliet  (and  the  proposed  plan  is  on  a  site 
where  such  a  waterway  would  doubtless  never  be  considered),  flow- 
ing water  would  be  kept  out  of  a  channel  between  high  embank- 
ments, so  that  the  velocity  met  by  boats  would  be  little  or  nothing, 
and  the  danger  of  boats  hitting  the  walls  of  the  narrow  channel  and 
breaking  them,  would  be  eliminated. 

Again,  better  advantage  can  be  taken  of  the  maximum  possible 
head  available,  if  flood  waters  be  not  used,  either  in  developing  more 
power,  or  in  reducing  the  cost  of  installation. 

Again,  the  depth  of  water  against  walls  or  banks  confining  them 
is  reduced  to  a  minimum,  which  is  in  favor  of  safety,  especially  con- 
sidering the  occupation  of  the  region  just  below,  viz  :  the  city  of 
Joliet. 

Again,  advantage  is  taken  of  the  regulating  works  of  the  Drain- 
age Canal  as  a  safe  guard,  in  case  of  power  house  accident  or 
otherwise. 

Again,  the  time  required  for  installation  is  reduced  to  a  minimum, 
thus  saving  much  in  interest  on  investment  during  construction. 

Again,  and  all  important,  the  cost  of  development  is  reduced  to 
a  figure  which  will  lead  to  a  commercial  utility  justifying  the  con- 
struction. 

By  way  of  contrast  it  may  be  interesting  to  note  the  location  and 
arrangement  of  the  Sanitary  District  design  shown  on  the  map, 
which  will  cost,  in  the  writer's  opinion,  about  $2,500,000  to 
$3,ooo;ooo  as  against  $350,000  to  $400,000  for  the  proposed  plan, 
which  would  accomplish  identically  the  same  result. 
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DISCUSSION OCT.  21,    I903. 

Mr.  Isham  Randolph,  M.  IV.  S.  E. — On  Monday  morning  I  re- 
ceived through  the  mails  a  printed  paper  entitled  "  Hydro-Electric 
Power  Development  at  and  Near  Joliet,  111.,  Using  Chicago  Drain- 
age Canal  Water,"  by  Thos.  T.  Johnston,  C.  E.  I  should  have  re- 
frained from  discussing  this  paper  had  it  been  a  criticism  of  me 
personally,  for  I  should  rightly  judge  that  if  more  than  twenty 
years  spent  in  close  touch  with  this  honored  organization  had  not 
earned  respect  and  confidence,  I  would  have  lived  and  worked  with 
you  in  vain. 

The  criticism  however,  falls  upon  a  great  public  work  for  which 
I  stand  sponsor  and  in  defense  of  which  I  accept  any  gauntlet  that 
may  be  thrown  down.  The  onward  march  of  this  great  work  has 
been  stayed  for  some  years  because  of  lack  of  legal  authority  to 
proceed.  The  last  General  Assembly  of  the  State  of  Illinois  enacted 
a  law  which  made  it  possible  for  active  operations  to  be  resumed, 
and  for  a  clear  understanding  of  the  conditions  of  that  resumption, 
I  will  state  that  this  law  provides  for  three  things  :  The  annexation 
of  territory  to  the  existing  Sanitary  District,  namely,  786-10  square 
miles  on  the  North,  known  as  the  "  North  Shore  District,"  and  94 
5-10  square  miles  on  the  South,  known  as  the  "Calumet  District ;" 
the  construction  of  two  channels  which  will  drain  these  respective 
districts  and  carry  their  sewage  into  the  Sanitary  Canal ;  and  the 
development  of  water  power  in  the  vicinity  of  Joliet.  This  law  per- 
mits the  cutting  through  and  abolition  of  the  existing  Illinois  & 
Michigan  Canal  between  the  upper  basin  at  Joliet  and  Chicago,  as 
soon  as  the  Sanitary  District  shall  have  provided  access  by  means 
of  channels  and  a  lock  to  be  built  by  it — free  of  all  cost  to  the 
State  of  Illinois  or  the  Illinois  &  Michigan  Canal — which  would 
maintain  navigation  between  said  upper  basin  and  the  Chicago  River. 
You  must  know  that  neither  the  City  of  Chicago  nor  the  Sanitary 
District  can  be  a  law  unto  itself ;  each  when  it  seeks  to  do  aught 
which  is  not  provided  for  in  existing  statutes,  must  go,  a  supplicant, 
to  the  State  of  Illinois,  personated  by  its  Senate  and  House  of  Rep- 
resentatives. This  joint  tribunal,  known  as  the  General  Assembly, 
is  guardian  of  the  interests  of  the  whole  people,  and  every  time  the 
Sanitary  District  has  asked  privileges  of  that  Assembly,  a  tribute 
has  been  demanded  for  the  people,  and  right  wisely,  too,  has  this 
been  done,  for  that  tribute  is  one  which  will  redound  to  the  good 
of  Chicago,  of  the  whole  state ;  and  not  that  alone,  but  the  Nation 
will  participate  in  the  boon  that  is  conveyed  in  the  possession  of  a 
great  navigable  channel.  This  navigable  channel  is  completed  as 
far  as  the  Controlling  Works  at  Lockport,  and  contracts  have  now 
been  awarded  which  will  carry  it  on  four  miles  further  to  meet  the 
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Waterway  which  the  United  States  will,  sooner  or  later,  build 
through  to  the  Mississippi.  Now,  bear  in  mind,  that  we,  who  have 
been  vested  with  tlie  responsibility  of  carrying  on  this  great  work, 
have  always  had  at  heart  three  cardinal  purposes:  ist,  Sanitation, 
Chicago's  health  first  and  foremost ;  2d,  Navigation  ;  3d,  Water 
Power.  And  our  effort  is  to  bring  about  a  harmonious  consumma- 
tion of  these  great  objects.      Is  this  wisdom  or  foolishness.? 

Now  for  the  paper.  Its  pages  are  illumined  with  a  discussion  of 
water  power,  water  power  only,  as  a  text  for  adverse  criticism.  The 
writer  stands  with  me  upon  one  platform,  that  is,  opposition  to  the 
transmission  of  this  great  power  to  Chicago ;  after  that  we  have 
nothing  in  common.  In  what  I  am  about  to  say  I  voice  no  one  but 
myself.  I  commit  no  one  but  myself,  I  speak  not  as  an  official,  I 
speak  as  a  citizen.  The  Sanitary  District  of  Chicago  owns,  between 
Robey  Street,  Chicago,  and  Hickory  Creek,  Joliet,  about  7,000  acres 
of  land  ;  more  than  five  thousand  of  these  acres  might,  under  proper 
conditions,  be  income  bearing ;  today  they  are  as  unprofitable  as  the 
arid  sands  of  the  desert.  The  mission  of  this  great  power  which 
we  are  about  to  create,  is  properly  to  turn  the  wheels  of  industry 
in  factories  located  upon  our  own  lands,  alongside  our  own  channel. 
Where  in  this  broad  land  are  there  greater  inducements  for  the 
establishment  of  great  industrial  enterprises  '^  The  finest  artificial 
waterway  man  has  ever  built,  invites  the  deep  sunk  keels  of  the 
great  carriers  of  the  Great  Lakes  to  plow  its  ample  flood.  On 
either  side  and  easy  of  access  are  the  steel  laid  tracks  of  transcon- 
tinental lines ;  crossing  it  at  intervals  are  railways  which  girdle  the 
Great  Metropolis  of  the  West  and  make  the  interchange  between 
all  the  railroads  which  bring  it  prosperity  and  wealth.  Add  to  this 
cheap  power  in  its  most  convenient  form  and  you  have  pictured  the 
manufacturers'  paradise.  Had  I  the  settlement  of  this  great  ques- 
tion, I  would  make  the  dedication  now  to  industrial  enterprises 
along  this  "man-made  river,"  and  the  West  would  see  its  own  Low- 
ell before  half  a  decade  should  have  come  and  gone.  Our  writer 
enters  into  a  labored  and  elaborate  effort  to  show  that  this  water 
power  will  not  pay  as  a  commercial  proposition,  I  have  had  no 
time  to  compile  figures  which  I  believe  would  show  the  utter  fallacy 
of  his  arguments,  but  I  ask  the  thoughtful  men  here  present  if  they 
believe  that  a  large  block  of  water  power  which  can  be  developed 
on  an  outlay  of  $100  per  net  horse  power  within  thirty-five  miles 
of  the  heart  of  Chicago,  located  as  this  power  is,  would  prove  an 
unconiviercial  venture }  If  this  be  true,  how  visionary  and  wild 
must  be  the  men  who  are  harnessing  Niagara  Falls  at  a  cost  of 
about  $180  per  horse  power  with  the  avowed  purpose  of  transmit- 
ting their  power  to  industries  located  75  miles  away. 

Now  the  writer  claims  to  have  worked  out  the  hydraulic  deter- 
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minations  from  which  the  probable  flow  lines  in  the  Sanitary  Chan- 
nel were  arrived  at,  and  so  he  did.  On  page  309,  he  fixes  the  ulti- 
mate water  level  at  the  Controlling  Works  as  — 8.  I  believe  this 
is  on  the  assumption  of  a  zero  lake  level.  If  I  am  wrong,  I  will 
accept  correction.  Speaking  with  the  wisdom  derived  from  flow 
measurements  and  observations  taken  in  the  effort  to  determine 
accurately  the  ultimate  outcome,  the  height  at  the  Controlling 
Works  when  the  lake  is  at  datum  and  the  channel  is  carrying  600,- 
000  cubic  feet  per  minute,  will  be  something  less  than  3  feet  below 
datum.  These  computations  have  been  worked  out  by  that  careful 
and  competent  hydraulicean,  Ernest  L.  Cooley.  Had  the  scientist 
who  determined  for  us  our  hydraulic  slopes  and  grades  been  able 
to  predetermine  these  facts,  a  different  grade  line  would  have  been 
established  and  a  trifle  of  1,731,600  cubic  yards  of  solid  rock  exca- 
vation would  have  been  saved,  besides  a  few  hundred  thousand 
cubic  yards  of  glacial  drift. 

At  the  time  that  Mr.  Johnston  made  these  computations  he  un- 
doubtedly worked  upon  the  best  data  which  he  could  obtain  going 
to  show  the  efficiency  of  large  channels,  but  there  was  no  data 
available  giving  results  in  such  a  channel  as  was  then  to  be  built 
and  he  did  the  best  he  could,  probably  as  well  as  any  other  man 
would  have  done,  in  reaching  his  conclusions.  The  fact  that  the 
actual  demonstration  of  efficiency  in  the  completed  channel  is 
much  greater  than  his  work  led  him,  and  us  who  relied  upon  that 
work,  to  expect,  is  not  a  valid  cause  for  charging  him  with  error  in 
his  work. 

But  in  the  light  of  present  plans  this  excess  excavation  is  not 
wholly  lost,  for  the  cutting  of  the  Calumet-Sag  Canal  will  bring  in 
about  225,000  cubic  feet  which  the  rock  channel  must  care  for  in 
addition  to  the  600,000  cubic  feet  for  which  it  was  originally  designed. 

This  added  volume,  be  it  remembered,  will  add  nearly  9,000  horse 
power  to  the  potentiality  of  the  water  power  we  are  discussing  with- 
out adding  a  dollar  to  the  cost  of  the  channel-ways  we  are  now  pro- 
viding, and  the  capital  account  will  be  swelled  by  only  the  cost  of 
the  hydraulic  and  electrical  machinery  necessary  to  generate  the 
increased  power,  say  S2  50,000,  and  our  unit  cost  would  then  be 
about  S83.33  per  horse  power,  including  the  cost  of  three  miles  of 
navigable  channel. 

Mr.  A.  .S.  Crane,  Prin.  Asst.  Engineer  of  the  Sanitary  District, 
has  revised  my  figures  and  finds  that  we  will  have  an  available  head 
of  34  feet,  with  a  flow  of  600,000  cubic  feet  per  minute,  as  against 
32  feet,  upon  which  I  have  based  all  my  estimates  of  power.  The 
writer  gives  some  very  optimistic  figures  and  a  project  for  a  differ- 
ent development  of  this  power  from  that  which  is  to  be  built.  All 
that  I  can  say  is  that   the  map  which  I  now  exhibit   illustrates  a 
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modified  form  of  the  same  project  ending  three-fourths  of  a  mile 
North  of  the  site  he  has  selected  in  his  project  and  developing  a 
head  of  fourteen  (14)  feet  only.  This  map  bears  this  inscription: 
"  Approved  by  Isham  Randolph,  Chief  Engineer.  Designed  by 
Thos.  T.  Johnston,  Asst.  Chief  Engineer,     Structural  details  by  W. 

T.  Keating,  Asst.  Engmeer.     Constructed  by "     In  1S97,  bids 

were  received  on  this  project  after  advertising  60  days,  upon  speci- 
fications which  I  have  with  me.  As  a  result,  the  lowest  bid  was 
for  the  masonry  and  embankment,  $392,347.48.  For  the  Wier  dam, 
$129,660.00.  Total,  $522,007.48,  and  with  wheel  pits,  power  house 
and  machinery  yet  to  be  heard  from.  The  contrast  of  prices  for 
labor  and  material  then  and  now  is  interesting.  Attacks  have  been 
made  in  the  public  press  on  the  stability  of  the  the  retaining  walls 
on  the  east  side  of  the  channel  about  to  be  built.  These  walls  will 
be  built  of  native  cement  concrete,  faced  and  coped  with  three 
inches  of  Portland  cement  mortar.  I  exhibit  a  cross-section  of  this 
wall  as  planned,  which  Mr.  Crane  has  prepared  for  my  use,  show- 
ing where  the  oblique  resultant  intersects  the  base  for  different 
depths  of  water.  Taking  the  unbacked  wall  shown  on  the  left,  the  re- 
sultant shown  by  the  dotted  line,  for  the  ordinary  stage  of  water  ( — 3), 
cuts  the  base  line  at  a  point  between  the  middle  and  outer  third. 
With  the  water  at  +  5,  top  of  wall,  the  resultant  shown  by  broken 
line,  cuts  the  base  at  the  outer  edge  of  the  masonry.  He  has  also 
prepared  for  me  a  cross-sectional  diagram  showing  the  wall  backed 
up  with  broken  stone  and  showing  the  resultant  for  a  water  height 
of  +  5  intersecting  the  base  line  almost  at  its  middle.  Will  any 
sane  engineer  say  that  this  is  a  dangerous  construction  or  one  which 
carries  an  incipient  menace  to  life  and  property  in  the  Valley  be- 
low }  This  is  nothing  more  nor  less  than  a  rock-filled  dam,  over 
the  crest  of  which  water  will  never  flow,  and  the  wall  is  a  water- 
tight facing  for  it. 

The  writer  stands  for  water  power  per  sc,  first,  last  and  all  the 
time.  The  Sanitary  District  stands,  first,  for  the  health  of  its  peo- 
ple— sanitation  its  highest  mission.  Second,  for  navigation ;  and 
last,  for  water  power — a  wise  conservation  of  a  potentiality  which 
its  work  has  created,  to  the  end  that  the  thing  created  may  help  to 
bear  the  expense  of  its  creation.  Gentlemen,  I  desist,  and  beg  you 
to  charge  the  infliction  of  my  discussion  to  ^mtiiitoiis  cnginciring 
advice. 

Mr.  G.  M.  Wisner,  M.  IV.  S.  E. — This  is  intended,  principally,  to 
be  a  discussion  of  that  part  of  Mr.  Johnston's  paper  having  to  do 
with  the  comparative  cost  of  the  production  of  power  by  an  Hydro- 
electric plant  and  a  steam  dri\en  plant  as  given  in  his  tible  on  page 
308  of  his  paper.     The  same  arguments  used  in  this  discussion  will 


Discussion — Fozuer  Develofment  Xear  Jolict. 


319 


.'i2l)  l'/S(  nssion- — J'owtr  Dci'clopnu'nt  .War  Jolit't. 

apply  to  items  2,  4  and  5  of  Mr.  Johnston's  tables  on  page  304.    I 
will  discuss  this  table  of  the  comparative  cost  of  power  in  three  ways : 

1.  Using  Mr.  Johnston's  figures  as  given  on  page  304. 

2.  Using  these  same  figures  with  a  combined  efficiency  of  water 
wheels  and  generators  of  73  per  cent  instead  of  70  per  cent  as  used 
by  Mr.  Johnston. 

3.  A  comparative  cost  based  upon  75  per  cent  efficiency  and 
my  estimate  of  cost  of  operation. 

I.  Taking  up  the  question  of  the  sale  of  the  water  power  to  the 
city  for  use  in  pumping  stations  and  for  street  lighting,  I  have  never 
understood  that  any  one  has  seriously  considered  the  sale  of  the 
power  to  the  city  for  pumping  purposes.  This  would  necessitate 
an  almost  entire  change  in  the  pumping  machinery  and,  as  Mr. 
Johnston  states,  the  service  is  apt  to  be  interrupted.  Whether  the 
trustees  of  the  Sanitary  District  will  decide  it  is  policy  to  sell  the 
power  to  the  city  for  lighting  purposes  or  not  I  cannot  state,  but 
there  is  this  to  be  said  against  it,  that,  with  line  losses,  etc.,  the 
District  would  have  about  i  5  per  cent  more  power  to  sell  at  Lock- 
port  than  if  transmitted  to  Chicago.  This  phase  of  the  subject  will 
be  considered  later,  but  for  the  time  being  let  us  assume,  as  Mr. 
Johnston  has,  that  the  power  is  transmitted  to  Chicago  for  lighting 
purposes  ;  also  for  the  present  assume  all  of  Mr.  Johnston's  figures  as 
given  in  table,  page  304,  to  be  correct.  He  shows  with  a  combined 
efficiency  of  70  per  cent,  21,629  H.  P.  will  be  available  in  Chicago 
for  lighting  purposes  at  an  annual  expense  of  $474,414.00,  which 
included  an  item  of  $218,112.00  ($6.00  per  gross  H.  P. — his  esti- 
mate of  what  the  power  could  be  sold  for  undeveloped) ;  while  his 
estimate  of  annual  cost  of  steam  driven  plants  to  produce  the  same 
results  is  $395,508,3  difference  in  favor  of  steam  of  $78,906.  Cer- 
tainly a  bad  showing  if  the  assumptions  are  correct  and  no  other 
factor  enters  into  the  matter.  But  the  water  driven  power  has 
only  been  used  during  the  night  time,  no  use  has  been  considered 
by  Mr.  Johnston  for  the  power  for  the  other  12  hours  during  the 
day  time,  when  as  a  rule,  power  has  a  larger  demand  than  during 
the  night.  The  only  additional  item  of  expense  to  produce  the 
power  in  the  water  driven  plant  for  the  day  12  hours  would  be  a 
charge  under  item,  "Operation  of  Plant."  $10,000  should  cover 
this.  This  added  to  difference  above  quoted  of  $78,906  gives  prac- 
tically $89,000  as  excess  cost  over  steam  driven  plant  to  produce 
25,446  H.  P.  at  Lockport  for  12  hours  day  service  to  be  sold  for 
commercial  service,  or  at  a  cost  to  the  District  of  only  $3.50  per 
H.  P. ;  certainly  a  very  cheap  power.  To  accomplish  the  same  with 
the  steam  driven  plant  would  add  $259,548  to  the  operating  expenses 
and  about  $25,000  to  maintenance,  giving  a  total  of  $670,046  for 
steam  driven  again.st  a  total  of  $484,414  for  water  ilriven  plant. 
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It  would  not  seem  unreasonable  to  assume  that  the  power  avail- 
able at  Lockport  during  the  day  time  could  be  disposed  of  at  $12.50 
per  H.  P.  per  year  within  the  next  ten  years,  especially  when  one 
takes  into  consideration  the  growth  of  the  manufacturing  industries 
in  this  part  of  the  country  and  the  ideal  location  for  a  manufactur- 
ing concern  in  the  vicinity  of  Lockport,  there  being  at  this  point 
the  Santa  Fe,  Chicago  &  Alton,  and  the  E.  J.  &  E.  railways  (the 
Chicago  outer  belt  line),  as  well  as  deep  water  navigation  to  the 
lakes.  The  power,  being  disposed  of  at  $12.50  would  represent  a 
profit  of  $9  per  H.  P.  on  25,446  H.  P.,  and  gives  a  profit  of  $229,- 
014  per  annum  or  8  per  cent  on  $2,860,010  cost  assumed  by  Mr. 
Johnston,  and  at  the  same  time  furnish  power  to  light  the  City  of 
Chicago.  In  addition  to  the  above  $229,014  there  is  also  a  profit 
of  $218,112  (Mr.  Johnston's  item  4)  plus  $64,702  (item  5)  which 
represent  an  additional  profit  of  10  per  cent  or  a  total  on  the  in- 
vestment of  $2,860,000  ($2,750,000  plus  the  "going  concern 
charges")  of  18  per  cent.  It  thus  appears  by  Mr.  Johnston's  as- 
sumption that  there  is  a  profit  of  18  per  cent. 

2.  Mr.  Johnston  states  that  he  does  not  consider  75  per  cent  of 
the  gross  power  in  the  water  column  a  conservative  figure  for  the  net 
power  of  the  switch  board  but  under  conditions  similar  to  the  pro- 
posed development  at  Lockport,  and  that  he  "has  not  felt  justified 
in  estimating  quite  as  much  as  70  per  cent  combined  efficiency 
of  water  wheels  and  generators."  As  a  matter  of  fact  the  wheels 
installed  at  the  "Soo"  developed  82  per  cent  efficiency  and  the  electri- 
cal manufacturers  are  willing  to  guarantee  96  per  cent.  From  actual 
tests  made  upon  a  5000  K.  W.  machine  as  high  as  97.8  per  cent 
efficiency  has  been  obtained.  But  using  82  per  cent  for  wheels  and 
96  per  cent  for  generators  you  have  an  efficiency  of  78.7  per  cent- 
I  have  therefore  concluded  that  the  Sanitary  District  Engineers  are 
perfectly  justified  in  assuming  an  efficiency  of  75  per  cent  when 
the  generators  are  directly  connected  with  the  water  wheels ;  and 
this  would  allow  over  2.5  per  cent  for  exciters. 

Below  I  have  prepared  a  table  using  Mr.  Johnston's  assumptions 
with  the  exception  that  I  assume  that  there  will  be  75  per  cent  effi- 
ciency of  combined  wheel  and  generator  which  would  give  27,234 
H.  P.  at  switch  board,  and  85  per  cent  of  this  for  lighting  purposes 
in  Chicago  would  be  23,166  H.  P. 
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STEAM    DRIVEN 
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^ 

Interest  on  Investment 

Depreciation  and  Maintenance 
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4  ^ 
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$114,400 
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Going  concern , 
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$474,414 


$423,938 
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This  shows  a  difference  (or  excesss  of  annual  cost  of  water  driven 
machinery)  of  $50,476  net  H.  \\  available  for  12  hours  during  the 
day  time  with  an  increase  of  only  $10,000  in  expense  or  cost. 
Reasoning  as  in  the  previous  case,  the  power  for  12  hours  service 
would  cost  S2.22  per  year.  When  sold  at  S12.50  there  would  be  a 
profit  of  510.28  per  H.  P.  or  a  total  of  5329,171  per  year  or  about 
I  1 .6  per  cent  on  investment  and  as  items  4  and  5  are  really  a  gain, 
as  stated  above,  there  is  a  total  profit  of  over  2 1  per  cent.  This 
surely  is  a  fairly  good  business  venture. 

3.  Below  I  give  a  table  comparing  water  driven  power  with 
steam  power  based  upon  the  latest  practice  in  and  about  Chicago. 
There  has  been  a  large  steam  turbine  driven  plant  installed  which 
I  am  given  to  understand  has  cost  in  the  neighborhood  of  Si  50  per 
K.  W.  or  5112.50  per  H.  P.  As  this  plant  has  been  installed  by 
a  private  company  and  represents  an  investment  of  several  millions 
it  is  only  natural  to  suppose  that  this  plant  has  the  latest  and  most 
modern  improv'ements.  The  Missouri  Edison  Co.  of  St.  Louis,  Mo., 
has  within  the  past  year  installed  a  steam  driven  electric  plant  con- 
sisting of  three  units  of  3,000  K.  W.  each  and  two  of  1,500  K.  W. 
each — a  total  of  12,000  K.  W.  or  16,000  H.  P.  The  total  cost  of 
this  plant  is  $2,000,000,  or  5 150  per  horse  power. 

To  be  conservative  however  in  this  comparison,  I  have  used  5 100 
as  cost  per  H.  P.,  including  cost  of  engines,  boilers,  generators,  build- 
ing, land,  etc.,  although  a  cheaper  plant,  as  Mr.  Johnson  has  as- 
sumed, could  be  erected  but  the  depreciation  and  maintenance 
would  undoubtedly  be  excessive.  As  stated  before,  with  25  per 
cent  loss  of  efficiency  in  wheels,  generators  and  exciters,  and  i  5  per 
cent  loss  in  transmission  there  is  available  in  Chicogo  23,166  H.  P. 
which  at  Si 00  would  represent  an  investment  of  $2,316,000.  It 
would  take  at  least  one  year  to  install  this  plant  as  a  whole,  but  if 
put  in  place  gradually  (say  during  a  period  of  ten  years)  the  money 
would  still  be  non-productive  for  at  least  the  same  length  of  time. 
P"or  this  reason  I  have  a  "  going  concern  charge  "  of  2  per  cent  or 
$46,000,  making  the  total  cost  of  the  plant  $2,362,000.  It  might 
be  further  said  that  to  gradually  install  a  plant  would  probably  in- 
crease the  first  cost  5  per  cent  but  I  will  omit  this  from  the  calcu- 
lation. With  the  above  cost  the  interest  at  4  per  cent  on  the  in- 
vestment would  be  $94,480  annually. 

In  water  driven  plant  the  interest  item  is  left  at  $1  14,400  but 
it  is  only  proper  to  say  that  of  this  amount  about  570,000  should 
properly  be  charged  against  a  navigable  channel  instead  of  against 
water  power. 

For  depreciation,  insurance  and  miscellaneous,  I  have  taken 
5  per  cent  of  steam  driven  plant  or  $1 15,830  annually.  A  smaller 
per  cent   would   provide   for   depreciation   (or  a  sinking  fund),  but 
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past  experience  has  shown  that  in  this  age  of  progress  and  im- 
provements power  plants  soon  become  obsolete.  For  this  reason 
I  hav2,  as  stated,  assumed  5  per  cent,  which  also  covers  any  mis- 
cellaneous expense  and  the  item  of  insurance. 

In  the  water  driven  plant  there  will  be  practically  no  deprecia- 
tion except  upon  the  moving  parts.  I  have  taken  7  per  cent  de- 
preciation upon  generator  and  2  per  cent  upon  water  wheels.  The 
estimated  cost  of  generators  is  $216,000  and  of  the  wheels 
$110,000.  There  will  therefore  be  an  annual  charge  of  $16,900 
for  depreciation. 

The  depreciation  on  the  concrete  walls  will  be  so  small  that  it  is 
practically  nil.  The  life  of  the  embankment,  which  is  a  stone  em- 
bankment with  an  earth  and  concrete  core,  will  be  a  great  number 
of  years,  so  that  any  depreciation  on  this  item  can  be  neglected. 
On  the  cut  through  the  solid  rock  there  can  be  no  depreciation. 
It  might  be  claimed  that  this  cut  would  fill  from  the  sedimentation 
but  as  above  this  proposed  channel  the  current  will  be  much 
slower  in  the  wider  channel  from  Willow  Springs  to  Summit  and 
in  the  Lockport  windage  basin  than  in  the  proposed  channel  there 
will  probably  be  very  little,  if  any,  sediment  left  to  settle  in  this 
new  channel.  Anyway  this  item  is  amply  provided  for  under 
maintenance,  should  any  dredging  be  required  to  maintain  the 
channel.  For  maintenance  I  have  used  for  steam  driven  plant  a 
charge  of  $2. 50  per  H.  P.  per  year  for  12-hour  service,  or  $57,915 
annually.  Prof.  Chas.  E.  Emery  makes  this  charge  $2,544  for  a 
triple  compound  condensing  engine. 

The  maintenance  for  a  water  driven  plant  I  have  taken  at  one- 
half  that  of  the  steam  driven  plant  or  $1.25  per  H.  P.  per  year  or 
$3 4,  067  annually,  which  is  a  very  liberal  allowance. 

The  cost  of  operating  large  electric  plants  in  Chicago — in  actual 
operation — exclusive  of  interest,  depreciation,  etc.,  costs  from  $30 
to  $42  per  H.  P.  per  year.  Prof.  Emery  gives  the  cost  for  a  large 
unit  of  a  triple  compound  condensing  engine  at  about  Si  5  per 
H.  P.  per  year  for  a  12  hour  service.  The  cost  of  pumping  at  the 
14th  Street  Pumping  Station  is  about  S75  per  H.  P.  per  year.  I 
have  taken  the  cost  at  $15  per  H.  P.  per  year  for  a  12  hour  service 
or  $347,490  annually,  which  is  certainly  not  excessive  when  one 
takes  into  consideration  that  the  price  of  coal  is  increasing. 

For  water  driven  plant  $20,000,  Mr.  Johnson's  figure  is  used  for 
operation  for  12  hour  service. 

The  Sanitary  District  was  offered  S4  per  actual  H.  P.  after 
having  advertised  for  bids,  and  I  shall  use  this  as  the  value  or  rent 
of  the  undeveloped  power  instead  of  $6  as  assumed  by  Mr.  Johns- 
ton.    This  makes  the  rent  item  $145,408;  and  the  "going  concern 
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charge"  $51,962.     As  the  sinking  fund  is  provided  for  as  deprecia- 
tion it  is  not  to  be  considered.  , 


12    HOUR    SERVICE 


Interest  on  Investment 

Depreciation,  Insurance,  etc. 
Maintenance  and  Repairs..    . 

C>peration 

Rent 

Going  concern  charge 


WATER    DRIVEN 


4^ 

1.25 

4.  CO 


>I  14,400 
16,900 

34.067 

20, coo 

145,40s 
51.962 


STEAM    DRIVEN 


4  % 

5  % 
2.50 

15.00 


$  94,480 
115.830 

57.9'S 

347,490 

None 


S382.737 


$615,715 


The  above  table  shows  a  balance  in  favor  of  water  driven  ma- 
chinery of  $232,975  annually  in  addition  to  items  5  and  6,  and 
there  remains  27,254  net  H.  P.  which  is  available  for  12  hour  day 
service  at  Lockport.  In  the  above  discussion  Mr.  Johnston's  esti- 
mated amount  of  H.  P.  has  been  used,  but  upon  estimates  of  the 
Sanitary  District  there  will  be  available  at  least  29,000  efficient 
H.  P.  at  Lockport  based  upon  a  75  per  cent  efficiency  of  wheels 
and  generators.  With  29,000  efficient  H.  P.  at  Lockport  the 
showing  is  still  more  favorable  for  a  water  driven  plant. 

In  these  days  of  municipal  ownership  it  would  not  be  public 
policy  to  sell  the  power  at  S4  per  actual  H.  P.  (undeveloped)  to  a 
private  concern,  especially  when  it  is  undoubtedly  worth  more 
and  ought  to  be  easily  disposed  of  at  $25  per  H.  P.  (devel- 
oped) per  year  for  commercial  purposes  at  or  near  the  power 
plant.  This  use  as  stated  before  would  save  a  line  loss  of  i  5  per 
cent  and  expense  of  a  transmission  line  to  Chicago  and  at  the  same 
time  it  would  increase  the  value  of  the  District's  land  in  the  vicinity 
of  the  power  house.  This  increase  in  value  should  be  credited  to 
the  power  development.  It  ought  not  to  be  a  difficult  matter  to 
lease  all  of  this  power  within  five  years.  So  assume  that  the 
"going  concern  charges"  are  offset  by  the  increase  in  the  value  of 
the  District's  land  and  that  the  power  can  be  disposed  at  S25  per 
H.  P.,  ai;id  as  a  matter  of  fact  S30  can  probably  be  obtained  for  a 
large  per  cent  of  it.  It  has  been  found  practicable  for  a  large 
power  plant  to  sell  25  per  cent  more  power  for  commercial  uses 
than  the  actual  net  power,  on  account  of  the  power  not  all  being 
in  use  at  the  same  time.  But  assume  only  20  per  cent  and  the 
District  will  have  35,000  H.  P.  which  at  $2 5  would  give  a  gross 
income  of  $875,000.  For  cost  of  production  take  items  i,  2  and  3 
of  last  table  and  $35,000  operating  expenses  and  you  have  a  cost 
of  $200,000  annually  which  would  leave  a  net  income  of  $675,000 
or  a  profit  of  about  zt,  per  cent  on  the  investment  of  $2,860,000 
after  having  allowed  4  per  cent  to  pay  interest  on  construction 
cost. 
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Mr.  Johnston  assumes  that  power  vmst  be  sold  at  Chicago  for 
commercial  uses,  thus  losing  i  5  per  cent  of  the  power  through  line 
loss,  etc.  There  is  no  doubt  in  my  mind  that  with  a  cheap  power, 
a  market  can  be  created  within  five  miles  of  the  power  house.  I 
do  not  agree  with  him  that  5  per  cent  interest  should  be  charged, 
as  it  would  be  possible  to  sell  4  per  cent  bonds  above  par  to  build 
this  work.  In  his  commercial  use  table  he  has  used  3  per  cent  for 
depreciation  which  is  entirely  too  high,  as  shown  in  discussing  his 
table  on  page  308.  Assume  that  the  undeveloped  power  is  sold  to 
a  private  corporation,  would  the  City  of  Chicago  or  tax  payers  be 
benefitted  by  the  $30,000  item  of  taxes  which  Mr.  Johnston  has 
charo:ed  against  the  cost  of  construction }  It  seems  to  me  that 
the  taxes  would  be  lost  to  the  taxpayers  of  the  Sanitary  District 
and  go  to  the  people  of  Will  county  in  which  county  the  power 
plant  is  located. 

In  conclusion,  1  wish  to  emphasize  that  the  proposed  Sanitary 
District  development  will  net  over  23  per  cent  with  a  flow  of  600,- 
000  cubic  feet  per  minute  and  that  the  navigable  features  of  this 
great  work  have  been  preserved,  giving  deep  water  navigation  from 
Joliet  to  the  Lakes ;  while  under  Mr.  Johnston's  scheme  the  navi- 
gable features  are  sacrificed,  he  creating  instead  a  large  pool,  part 
of  which  is  practically  stagnant  thus  producing  a  public  nuisance. 

It  is  also  known  that  it  is  entirely  feasible  for  the  canal  after 
completion  to  carry  over  800,000  cubic  feet  per  minute  and  it  is 
the  intention  of  the  Sanitary  District  to  produce  this  flow.  From 
all  indications  this  will  probably  be  accomplished  within  the  next 
ten  years.  This  will  add  about  33  per  cent  to  the  available  power 
without  materially  increasing  the  cost  of  this  development.  With 
this  amount  of  water  flowing  and  the  power  judiciously  leased  the 
the  investment  will  show  a  net  return  of  over  33  per  cent.  It  may 
be  said  in  criticism  of  this  discussion  that  I  have  taken  a  "rosy 
view"  of  this  power  development,  but  it  must  be  remembered  when 
one  speaks  of  developing  steam  power  for  S24  or  even  $30  per  H. 
P.  per  year  for  operating  expenses  and  $70  per  H.  P.  for  installa- 
tion, when  the  construction  of  similar  plants  are  actually  costing 
from  Si  12.50  to  Si  50,  that  that  is  a  very  "rosy  view." 


JOHN  FINDLEY  WALLACE, 

The   Chief    Engineer   of   the    Panama  Canal — Past  President,   Western    Society 

of  Engineers. 

From  every  notable  enterprise  there  arises  a  great  opportunity, 
and  fortunate  is  the  man  whose  industry,  ability  and  high  purpose 
hav^e  fitted  him  to  meet  the  occasion.  Such  a  man  is  John  Findley 
Wallace,  whom  President  Roosevelt  has  selected  for  chief  engineer 
of  the  Panama  Canal.  Ever  since  Congress  authorized  the  under- 
taking, speculation  has  been  rife  in  engineering  circles  as  to  who 
would  be  selected  to  take  active  charge  of  the  work.  The  selection 
has  been  made  on  the  basis  of  Mr.  Wallace's  wide  experience  in  engi- 
neering, executive  and  administrative  positions,  his  genius  for  accom- 
plishment, and  also,  it  is  said,  his  freedom  from  political  influences. 

The  salary  of  $25,000  a  year  may  seem  quite  a  remarkable  one, 
but  even  at  that  salary  Mr.  Wallace  was  for  a  considerable  time 
unwilling  to  accept  the  position.  It  is  probable  that  a  sense  of  public 
duty,  and  the  pleasure  such  a  man  has  in  the  carrying  out  of  a  great 
work,  were  the  strongest  factors  in  bringing  about  his  acceptance. 
He  has  given  out  no  public  statement  in  regard  to  the  matter, 
other  than  a  brief  summary  of  the  task  in  these  words : 

"  The  construction  of  the  Panama  Canal  involves  problems  cover- 
ing the  entire  field  of  civil  engineering.  There  are  two  big  harbors 
to  construct  at  Colon  and  Panama ;  extensive  surveys  to  be  made 
to  determine  which  of  the  five  plans  proposed  is  the  most  economical 
and  commercially  advantageous ;  and  extensive  borings  to  determine 
the  cost  of  locks  and  dams.  Great  works  must  be  constructed  with 
a  view  to  controlling  the  Chagres  river,  which  rises  from  twenty  to 
to  sixty  feet  sometimes  in  the  course  of  twenty-four  hours,  and  which 
follows  the  route  of  the  canal  for  twenty  miles.  Immense  reservoirs 
must  be  constructed  in  the  mountains  to  provide  water  supply  for 
the  upper  reaches  of  the  canal,  to  furnish  power  for  lighting  it  with 
electricity  throughout  its  length,  and  supply  water  to  the  large 
cities.    There  are  many  other  problems  of  almost  equal  magnitude." 

Although  born  in  Fall  River,  Mass.,  the  west  claims  Mr.  Wallace, 
as,  when  but  a  small  child  he  was  brought  to  Monmouth,  111.,  by  his 
father,  who  founded  Monmouth  College.  It  was  in  this  school  that 
Mr.  Wallace  received  his  education  for  the  engineering  profession. 

In  1869  he  started  as  rodman  in  the  service  of  the  Carthage  & 
Ouincy  Railroad.  Following  this,  in  1 871,  he  was  made  assistant 
engineer  in  the  United  States  Engineering  Corps  at  Rock  Island, 
111.  This  post,  which  he  held  for  five  years,  had  chiefly  to  do  with 
surveys  and  construction  in  improvement  of  Rock  Island  rapids.  It 
was  while  in  this  service  that  he  had  charge  of  the  work  of  exca- 
vating the  channel  through  the  "  Chain-of-Rocks "  at   St.   Louis, 
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using  machinery  that  he  had  designed  and  built.  This  was  his  first 
notable  achievement.  He  located  and  constructed  the  Peoria  & 
Farmington  Railroad,  of  which  he  was  made  chief  engineer  in  1879, 
but  which  he  opened  as  its  superintendent.  His  success  with  this 
road  led  to  his  being  put  in  charge  of  the  construction  of  the  Iowa 
Central  Railway.  This  involved  the  building  of  a  succession  of 
bridges,  and  when  these  were  finished  Mr.  Wallace  had  attained  a 
reputation  as  a  bridge  builder  of  considerable  ability. 

In  1886  Mr.  Wallace  undertook  a  series  of  surveys  for  the  Union 
Pacific  Railways.  Then  the  Santa  F"e  Railway  selected  him  as  resi- 
dent engineer.  In  this  way  it  fell  to  him  to  build  the  substructure 
of  the  great  Sibley  bridge  over  the  Mississippi  river  at  Sibley,  Mo., 
in  1887. 

Chicago  secured  Mr.  Wallace  for  a  citizen  when  the  Santa  Fe, 
in  1889,  shifted  his  headquarters  to  this  city.  Some  time  later, 
while  associated  with  Mr.  E.  L,  Corthell,  he  had  charge  of  the  con- 
struction of  the  joint  terminal  of  the  A.,  T.  &  S.  F.  Ry.  and  Sioux 
City  line  of  the  Illinois  Central  Railroad,  in  Chicago. 

With  the  planning  of  the  World's  Fair,  of  1893,  the  directors  of 
the  Illinois  Central  were  confronted  with  the  problem  of  handling 
the  greatly  increased  passenger  traffic  which  the  exhibition  would 
bring  into  Chicago.  Mr.  Wallace  was  recognized  as  the  man  for 
the  occasion,  and  the  system  which  he  planned  and  developed  won 
him  another  laurel  in  the  shape  of  the  position  of  Chief  Engineer  of 
the  Illinois  Central  Railroad.  His  next  task  was  to  solve  the  prob- 
lem of  a  direct  line  west  for  his  road.  This  he  did  in  a  way  that 
brought  great  financial  returns  to  the  road.  For  the  past  three 
years  Mr.  Wallace  has  been  General  Manager  of  the  Illinois  Cen- 
tral Railroad,  and  during  this  time  he  has  also  made  a  good  record 
as  Chairman  of  the  advisory  board  on  joint  track  elevation  in  the 
city  of  Chicago. 

Although  Mr.  Stuyvesant  Fish,  President  of  the  Illinois  Central 
Railroad,  had  indicated  Mr.  Wallace  as  th«  best  man  to  carry  out 
the  plans  of  the  Canal  Commission,  he  was  loath  to  lose  his  Gen- 
eral Manager,  and  urged  him  to  remain  with  the  road.  He  argued 
that  Mr.  Wallace  would  soon  be  receiving  a  larger  salary  from  the 
road  than  that  offered  by  the  commission,  and  that  his  chances  for 
a  long  life  would  be  greater  if  he  kept  away  from  Panama. 

Mr.  Wallace's  occupation  of  his  new  position  entails  much  of 
sacrifice  and  hardship,  but  the  glory  of  achievement  and  the  sense 
of  a  duty  fulfilled  will  more  than  compensate  for  these.  He  was 
elected  a  member  of  the  Western  Society  of  Engineers  in  1889, 
and  President  of  this  society  in  1896.  He  has  also  been  President  of 
the  American  Society  of  Civil  Engineers  and  of  the  American  Rail- 
way P^ngineering  and  Maintenance  of  Way  Association.       M.  G. 
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DINNKK    TO    MR.   WALLACE. 

On  the  evening  of  May  28th,  1904,  a  complimentary  dinner  was  given  to  Mr 
J.   F.   Wallace   by   his  engineering   friends,    under  the  auspices  of    the   Western 
Society  of  Engineers.     Some  seventy  gentlemen  gathered  in  the  main  parlor  of 
the  Auditorium  Hotel  about  seven  o'clock  for  an  informal  reception,  after  which 
they  adjourned  to  the  south  parlor,  where  the  tables  had  been  set  for  the  occasion. 

Mr.  Chanute,  Past  President  of  this  Society,  presided,  and  at  his  right  sat  Mr. 
Wallace,  Chief  Engineer  of  the  Panama  Canal.  Mr.  Chanute  said  it  was  some 
seventeen  years  since  he  was  first  associated  with  Mr.  Wallace  on  the  Sibley 
Bridge,  and,  excepting  for  a  period  when  they  were  engaged  on  widely  separated 
railroads,  the  intercourse  and  friendship  had  been  maintained  ever  since.  He 
congratulated  him  upon  an  appointment  which  placed  him  in  the  van  of  the 
Engineers  of  America. 

.\  toast  was  offered  to  Mr.  Wallace,  to  which  that  gentleman  responded  in  his 
usual  pleasant  and  felicitous  manner.  He  remarked  that  previous  attempts  to 
construct  a  canal  from  the  Atlantic  to  the  Pacific  had  not  been  successful,  though 
it  had  been  the  dream  of  men  for  many  years  ;  that  he  had  every  confidence  that 
our  country  having  undertaken  the  work,  it  would  now  be  an  accomplished  fact  in 
the  near  future  ;  that  although  it  was  a  trial  for  him  to  break  away  from  his  asso- 
ciations here,  and  regardless  of  all  the  possible  consequences  to  himself,  whether 
of  failure  or  loss  of  health,  he  had  accepted  the  task  imposed  upon  him,  and 
trusted  to  carry  it  to  a  successful  issue. 

Mr.  Chanute  then  proposed  a  toast  to  "The  President  of  the  United  States," 
to  which  Mr.  A.  W.  Sullivan  responded.  He  said  he  had  but  just  returned  from 
St.  Louis  in  order  to  have  an  evening  with  Mr.  Wallace  and  his  friends  ;  that  it 
had  been  his  good  fortune  to  have  been  associated  with  Mr.  W^allace  for  the  last 
ten  or  twelve  years,  and  he  could  most  heartily  endorse  the  action  of  the  President 
in  making  such  a  selection  for  the  Chief  Engineer  of  this  great  work,  in  which  Mr. 
Roosevelt  was  greatly  interested  ;  that  Mr.  Wallace  possessed  all  those  varied 
qualities  which  make  a  successful  engineer  for  such  work  ;  that  he  can  not  and  will 
not  fail  in  the  undertaking  for  which  he  has  been  selected,  and  that  doubtless  the 
President  of  the  United  States  has  made  a  most  wise  selection  of  the  man  to  carry 
out  this  monumental  work. 

Mr.  Chanute  then  said  it  was  the  good  fortune  of  the  Western  Society  of 
Engineers  to  have  had  the  first  opportunity  to  greet  Mr.  Wallace  and  to  congrat- 
ulate him  upon  this  recognition  as  an  eminent  civil  engineer,  selected  for  a 
notable  work  ;  that  congratulatory  letters  had  been  received  from  many  who  could 
not  be  present  that  evening,  which  were  in  the  hands  of  Mr.  Hotchkiss,  Chairman, 
and  in  whose  favor  he  would  resign  his  position  as  toastmaster. 

SOME  OF  THE  LETTERS  ARE  HERE  yUOTEU. 

Mr.  Alfred  Noble,  Past  President  of  this  Society,  wrote  from  New  York: 
"  It  is  with  great  regret  that  I  have  to  say  I  cannot  be  present  at  the  dinner  to 
Mr.  Wallace.      If  it  were  possible  I  would  gladly  make  the  journey  to  Chicago  for 
the  sole  purpose  of  joining  in  the  tribute  the  Society  is  to  pay  him  in  further  rec- 
ognition of  his  great  ability  as  an  engineer  and  in  token  of  esteem  for  the  man. 

"The  question  as  to  who  should  be  Chief  Engineer  of  the  Panama  ("anal  has 
naturally  been  one  to  which  I  have  given  much  thought.  The  man  who  fills  the 
place  adequately  will  have  the  greatest  responsibility  ever  placed  upon  an  engineer. 
The  work  requires  technical  ability,  but  more  imperatively  requires  skill  in  organ- 
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ization  and  management,  firmness  and  manliness,  moral  and  physical  courage  in 
the  highest  degree,  and  sound  health.  It  has  long  seemed  to  me  that  these  high 
requirements  could  be  best  met  by  the  appointment  of  Mr.  Wallace,  but  with  this 
conviction  has  been  coupled  a  doubt  as  to  whether  it  would  be  possible  to  sever 
his  ties  to  the  great  corporation  with  which  he  has  been  so  long  and  honorably 
connected  and  which  he  has  served  so  well. 

■'  As  members  of  the  Western  Society  of  Engineers  which  has  been  so  greatly 
honored  by  the  selection  of  one  of  its  members;  as  members  of  the  engineering 
profession  which  will  be  so  greatly  strengthened  in  the  eyes  of  mankind  when  this 
task  is  carried  through  to  a  successful  issue,  and  as  citizens  of  the  great  country 
hopeful  of  the  added  credit  to  the  capacity  of  its  people  to  perform  great  works, 
we  have  every  reason  for  satisfaction  with  the  wisdom  shown  in  selecting  for  the 
most  difficult  post  the  man  most  capable  of  filling  it." 

Mr.  E.  L.  Corthell,  another  Past  President  of  this  Society,  also  wrote  from 
New  York  : 

"Returning  last  night  from  a  short  trip  to  Europe,  I  find  your  invitation  to  join 
a  number  of  friends  of  Mr.  J.  F.  Wallace  in  a  complimentary  dinner  to  be  given 
him  previous  to  his  departure  for  Panama  as  Chief  Engineer  of  the  Interoceanic 
Canal. 

"  When,  in  1889,  pressed  with  a  great  variety  of  important  engineering  work  in 
the  United  States  and  Mexico  I  needed  an  associate  in  whom  I  could  implicitly 
and  fully  rely  in  the  work  at  that  time  entrusted  to  me  of  the  Illinois  Central  and 
Santa  Fe  Railway  Companies,  to  build  an  independent  entrance  into  Chicago,  Mr. 
Wallace  was  highly  recommended  to  me  as  just  the  man  I  needed.  I  soon  found 
that  he  was  that  man,  and  from  that  time  until  the  present  his  career  has  been  one 
of  continual  success  and  well  earned  advancement  to  higher  and  higher  positions 
of  trust  and  responsibility,  until  now  he  is  called  to  perhaps  the  most  important 
work  of  the  aee —  to  direct  the  forces  that  are  to  unite  the  Atlantic  and  Pacific 
oceans  and  allow  the  commerce  of  the  world  to  flow  through  the  American  Isth- 
mus, uniting  thus  the  shores  of  the  continents  and  especially  those  of  our  country. 

"  I  have  no  doubt  whatever,  from  fifteen  years  of  intimate  professional  and  per- 
sonal acquaintance  and  connection  with  Mr.  W^allace,  that  he  will  meet  all  expecta- 
tions, and  while  in  one  sense  Chicago  is  to  lose  him,  the  world  is  to  gain  him,  and 
we,  as  members  of  the  Western  Society  of  Engineers,  may  congratulate  ourselves 
iu  the  fact  that  one  of  our  number  has  been  called  to  so  great  a  work  and  to  such 
a  high  position  of  responsibility.  Personally,  I  feel  very  glad  that  I  was  the  one 
who  introduced  him  to  Chicago  and  that  from  that  introduction  he  opened  up  the 
way  —  always  forward — that  he  by  his  own  skill,  eminent  ability,  and  high  integ- 
rity has  traveled  from  that  day  to  this. 

"Therefore,  with  all  my  heart  I  drink  to  his  health  with  you  and  to  success 
and  still  greater  honors  for  him  in  his  arduous  and  important  work. " 

Mr.  Virgil  G.  Bogue,  M.  W.  S.  E.,  of  New  York,  writes  : 

"  I  should  be  most  happy  to  attend  the  dinner  that  is  to  be  given  to  Mr.  Wal- 
lace, and  regret  that  I  cannot  do  so.  I  esteem  Mr.  Wallace  highly,  not  only  for 
his  abilities,  but  as  well  for  his  genial,  endearing  qualities  as  a  man.  In  honoring 
him  the  society  honors  itself.  The  occasion  will  be  one  that  he  will  remember, 
for  it  will  encourage  him  with  the  thought  that  he  has  friends,  and  that  he  goes  to 
his  long,  hard  task  with  the  sympathy  and  good  wishes  of  his  professional  brethren." 

Mr.  J.  J.  McVean,  M.  W.  S.  E.,  who  has  been  an  invalid  for  a  long  time, 
writes  from  Grand  Rapids,  Mich.: 

"  It  is  with  great  regret  that  I  am  unable,  on  account  of  my  physical  condition, 
to  be  present  at  the  dinner  to  be  given  m  honor  of  our  distinguished  friend,  Mr. 
J.  F.  Wallace.  I  can  only  join  you  in  wishing  him  the  greatest  success  in  the 
undertaking  for  which  he  is  so  fully  qualified,  and  in  hoping  that  he  may  be  spared 
from  any  sickness  or  trouble  that  will  prevent  his  being  able  to  carry  out,  to  a  final 
conclusion,  the  great  project  with  which  he  has  been  so  wisely  entrusted." 

Mr.  Fred.  Davis,  M.  W.  S.  E.,  of  Newport,  Me.,  writes  ; 

"I  regret  exceedingly  that  from  this  distance  I  cannot  conveniently  attend  the 
complimentary  dinner  to  be  tendered  to  Mr.  J.  F.  Wallace,  on  the  occasion  of  his 
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departure  to  assume  direction  of  the  completion  of  that  most  important  public 
work  of  the  age,  the  Panama  Canal. 

'  I  join  with  the  members  of  the  Western  Society  of  Engineers  in  sincere  felici- 
tations to  Mr.  Wallace  upon  his  appointment,  and  most  heartily  hope  he  may  be 
spared  in  good  health  to  endure  the  strain  of  and  to  witness  the  completion  of  the 
work  that  he  will  contribute  so  largely  towards  its  ultimate  success." 

Mr.  Geo.  W.  Kittredge,  Chief  Engineer  C,  C,  C.  &  St.  L.  Ry.  Co.,  writes  from 
Cincinnati : 

"1  have  your  invitation  to  join  in  giving  a  complimentary  dinner  to  Mr.  J.  F. 
Wallace,  prior  to  his  departure  from  Chicago  to  assume  his  duties  as  Chief  En- 
gineer of  the  Panama  Canal. 

"  My  high  regard  for  Mr.  Wallace  as  a  man  and  as  an  engineer,  and  my  pleasure 
at  his  appointment  to  so  honorable  a  position  would  urge  me  to  accept,  but  a  pre- 
vious engagement  for  that  date  makes  it  necessary  for  me  to  decline. 

"Please  e.xtend  to  Mr.  Wallace  my  most  sincere  regret  at  not  being  able  to 
show  my  esteem  and  regard  by  being  present." 

Mr.  H.  G.  Prout,  Gen'l  Mgr.  Union  Switch  &  Signal  Co.,  Pittsburg,  writes  : 

"Returning  to  my  desk  after  an  absence  of  eight  days,  I  find  your  circular 
announcing  a  dinner  to  Mr.  W^allace.  I  am  very  sorry  indeed  that  my  business 
engagements  are  such  that  I  cannot  possibly  be  in  Chicago  next  Saturday  night, 
and  have  wired  you  to  that  effect.  Few  things  would  give  me  more  pleasure  than 
to  join  in  this  dinner,  to  renew  acquaintance  with  some  of  my  Chicago  friends, 
and  especially  to  testify  by  my  presence  there  my  high  appreciation  of  Mr  Wallace 
and  mygveat  pleasure  in  his  appointment  as  Chief  Engineer  of  the  Panama  Canal." 

Many  other  letters  of  congratulations  and  regrets  were  received  from  members 
of  the  society  and  friends  of  Mr.  Wallace,  but  only  a  few  can  be  here  noted  :  Mr. 
Lederle,  of  New  Orleans;  Mr.  Hudson,  of  Knoxville,  Tenn.;  Mr.  D.  C.  Jackson, 
of  Madison,  Wis.  ;•  Messrs.  Poetsch  and  Perrigo,  of  Milwaukee;  Messrs.  L.  W. 
Bates  and  Geo.  E.  Thomas,  of  New  York  ;   Mr.  Salmon,  of  Bufifalo,  etc.,  etc. 

Mr.  Parkhurst,  President  W.  S.  E.,  responding  to  the  toast,  "The  Western 
Society  of  Engineers,"  said  he  had  known  Mr.  Wallace  for  fifteen  years,  and  that 
while  with  us  Mr.  Wallace  had  always  been  leading,  guiding  and  cheering  us,  and 
it  was  our  regret  that  we  should  lose  the  presence  of  such  a  friend  and  leader,  but 
that  he  trusted  he  would  be  spared  to  return  to  us  with  well  earned  rewards  for 
his  to-be-distinguished,  world-famed  work. 

Capt.  R.  W.  Hunt,  M.  W.  S.  E.,  responding  on  behalf  of  the  "American  So- 
ciety of  Civil  Engineers,"  stated  that  he  was  only  a  plain  private  in  that  Society, 
but  felt  honored  when  called  upon  to  represent  it,  and  also  to  pay  a  tribute  to  the 
worth  of  the  guest  of  the  evening.  He  also  stated  that  some  years  ago,  when  the 
Am.  Soc.  C.  E.  held  a  meeting  in  England,  the  guests  of  the  Institution  of  Civil 
Engineers,  Mr.  W'allace  as  president  presided  at  the  meeting  in  a  way  which  was 
an  honor  to  the  society  of  which  we  are  fellow  members,  an  honor  to  the  profes- 
sion, and  an  honor  to  our  country.  The  speaker  had  no  anxiety  as  to  the  results 
of  the  new  work  to  be  undertaken  by  Mr.  Wallace,  and  thought  the  President  of 
the  United  States  did  well  in  making  such  a  wise  selection,  giving  us  renewed 
confidence  in  the  wisdom  of  the  Chief  Executive  of  the  nation.  Capt,  Hunt  also 
stated  that  Mr.  W'allace  possessed  great  qualities  as  an  engineer  and  as  an  execu- 
tive officer,  and  was  undoubtedly  the  man  for  the  place,  which  would  involve  great 
trials  and  calls  for  the  highest  qualities  of  the  man.  In  closing,  he  wished  him 
health,  happiness  and  the  success  which  will  follow  his  work. 

Mr.  Wallace  has  been  closely  identified  with  the  work  of  the  "American  Rail- 
way Engineering  and  Maintenance  of  Way  Association,"  in  which  many  other 
members  of  this  Society  are  interested,  and  it  was  most  natural  that  a  toast  to 
that  association  should  be  responded  to  by  the  president,  Mr.  Hunter  McDonald, 
of  Nashville,  Tenn.,  as  follows: 

"Gentlemen — My  summons  to  this  gathering  did  not  convey  the  information 
that  I  would  be  expected  to  express  for  the  members  of  the  American  Railway 
Engineering  and  Maintenance  of  Way  Association  the  regret  we  all  feel  at  the 
prospect  of  parting  with  our  first  president,  the  distinguished  gentleman  in  whose 
honor  we  are  assembled  here  this  evening. 
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"Saying  good-bye  to  friends  is  always  unpleasant.  To  say  it  for  450  others 
ought  logically  to  multiply  the  unpleasantness,  but  with  the  unanimity  of  senti- 
ment which  I  know  to  exist  among  our  members,  and  the  encouragement  offered 
by  this  occasion,  it  becomes  a  mere  matter  of  oratory.  Careful  search  among  our 
membership  for  several  years  past  has  developed  the  melancholy  fact  that  we  have 
but  one  orator,  and  it  is  still  more  melancholy  to  reflect  that  we  are  shortly  to  lose 
even  him. 

"  We  feel  that  we  owe  our  existence  as  an  organization  to  the  energy  and  wisdom 
of  our  beloved  Wallace.  There  were  others  who  supplied  the  raw  material,  but 
to  the  sculpture  of  his  unerring  judgment  is  due  the  organization  as  it  stands 
today.  He  it  was  who  chartered  the  vessel,  selected  the  crew,  trained  the  officers, 
gave  the  good  ship  a  sailing  chart,  and  with  sealed  orders  started  it  on  its  voyage 
But  he  did  not  leave  us  entirely  to  our  own  devices.  By  a  svstem  of  wireless 
telegraphy,  peculiarly  his  own,  he  has  kept  in  touch  with  our  navigators  and  often 
warned  them  from  dangerous  waters.  Our  voyage  is  by  no  means  near  its  end, 
and  it  is  easy  to  understand  our  regret  at  the  prospect  of  his  being  removed  beyond 
the  effective  zone  of  his  wireless  impulses. 

'■  But  we  can  comfort  ourselves  with  the  thought  that  the  great  enterprise  which 
he  has  been  called  to  take  charge  of  will  be  the  means  of  shortening  the  journey 
of  many  other  mariners.  The  Society  under  whose  auspices  we  are  assembled  this 
evening,  has  taken  a  fitting  step  toward  letting  our  country  know  how  fortunate  it 
is  in  being  able  to  command  the  services  of  one  of  its  own  citizens  who  is  so 
eminently  qualified  to  assume  the  direction  of  the  most  important  undertaking  in 
the  commercial  history  of  the  world.  His  selection  is  a  guarantee  that  the  work 
will  be  executed  with  freedom  from  scandal  and  political  incompetency,  so  far  as 
intelligence,  energy  and  integrity,  combined  in  the  executive  head  of  the  enter- 
prise, can  do  so.  (,)ur  profession  at  large  should  spare  no  pains  to  bring  our 
countrymen  to  the  fullest  realization  of  their  good  fortune  and  of  the  sacrifices  he 
makes  in  order  to  serve  them. 

"In  behalf  of  the  membership  of  the  American  Railway  Engineering  and  Main.- 
tenance  of  Way  Association,  I  extend  to  our  honored  guest  our  heartiest  good 
wishes  for  success  in  his  new  field  of  usefulness  and  our  sincere  regrets  at  having 
to  part  with  him.  We  hope  it  will  not  be  for  always,  and  that  the  old  desire 
which  seems  to  lurk  within  the  hearts  of  all  men  who  have  once  had  a  taste  of 
railroading  will,  upon  the  completion  of  his  steamboating  experience,  prompt  him 
to  turn  his  face  again  toward  his  first  love.  Our  lights  will  be  kept  burning  in 
hopeful  anticipation  of  his  triumphant  return,  when  the  boys  will  give  him  the 
glad  hand  and  try  to  find  him  another  job. " 

Other  responses  to  the  sentiments  of  the  evening  were  made  by  Dr.  Harper, 
of  the  University  of  Chicago,  who  spoke  on  behalf  of  "Chicago  and  the  Men  of 
the  West;"  Mr.  Delano,  General  Manager  of  the  C,  B.  &  Q.  R.  R.,  who  spoke 
for  "The  Railroads  ;  "  Mr.  Isham  Randolph,  who  has  long  been  Chief  Engineer 
of  our  own  "Drainage  Canal  ;"  Mr.  B.  J.  Arnold,  President  "American  Institute 
of  Electrical  Engineers,"  who  spoke  on  behalf  of  that  society  and  the  science 
which  it  represents,  which  will  be  an  important  agent  in  this  grand  work  ;  Mr. 
Archibald  MacArthur,  who  represents  that  important  class  of  workers,  the  suc- 
cessful contractor  on  heavy  construction  work;  Mr.  J.  T.  Harahan,  Vice-President 
of  the  Illinois  Central  Railroad  Co.,  who  has  been  closely  associated  with  Mr. 
Wallace  for  fourteen  years,  paid  a  high  tribute  to  Mr.  Wallace  as  an  engineer  and 
executive  officer,  who  had  been  instrumental  in  raising  the  Illinois  Central  R.  R. 
from  a  "scrap  heap''  to  its  present  superb  physical  condition  ;  Mr.  H.  M.Wilson, 
who  spoke  for  the  Railways  and  the  "Technical  Press,  and  their  regard  for  Mr. 
Wallace  and  his  new  work  ;  "  Mr.  S.  F.  Andrews,  General  Attorney  for  the  I.  C. 
R.  R.,  who  spoke  on  behalf  of  "  The  Law,  "  but  added  a  just  tribute  to  the  guest 
of  the  evening  as  a  friend.  Short  speeches  from  other  men  all  bore  testimony  as 
to  the  regard  and  esteem  felt  toward  our  guest.  ^Ir.  J.  F.  WALLACE. 
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INTERNATIONAL  ENGINEERING  CONGRESS. 

St.  Louis,  Mo.,  October  3=8,  1904. 

Under  the  Auspices  of  the  American  Society  of  Civil  Eng:ineers. 

CIRCULAR  No.  3. 

Circular  No.  i,  Preliminary  Announcement,  was  printed  in  Journal  Feb., 
1904,  page  91,  and  Circular  No.  2  was  printed  in  Journal  April,  1904,  page  212, 

The  following  list  gives  the  names  of  engineers  who,  by  special  invitation  of  the 
Committee  in  Charge,  have  promised  to  review  the  development  of  engineering  prac- 
tice in  their  respective  countries  during  the  past  ten  years,  on  the  subjects  under  which 
their  names  are  printed. 

Owing  to  the  fact  that  publications  of  the  Congress  as  indicated  in  this  list  will 
cost  more  than  Membership  Fee,  it  is  necessary  to  increase  the  cost  of  Membership 
in  the  Congress. 

Notice  is  hereby  given  that  Membership  Fees  mailed  on  or  before  July  ist,  1904, 
will  be  received  at  original  rate  of  $5.  Between  that  date  and  October  ist,  1904,  the 
Membership  Fee  will  be  Sio. 

Communications  relating  to  the  Congress  should  be  addressed  to  the  undersigned. 

CHAS.  WARREN  HUNT, 

Secretary  of  Committee. 
220  West  57th  Street, 

New  York,  May  25th,  1904. 

PAPERS  PROMISED. 
Harhors. — Siif>/ecf  lYo  i : 

W.  Matthews,  C.  M.  G.,  M   Inst.  C.  E.,  Chief  Engr.  of  Dover  Harbor, 

England. 

V.  E.  TiMONOFF,  M.  Am.  Soc.  C.  E.,  St.  Petersburg,  Russia. 
H.    WoRTMAN,  Engr.,   Royal  Corps  of   Waterstaat,  Amsterdam,   The 

Netherlands. 
Barox  E.  T.  Quinettf  de  Rochemont,  M.  Am.  Soc.  C.  E.,  Inspecteur 

General  des  Fonts  et  Chaussees,  Professeur,  a  I'Ecole  des  Fonts  et 

Chaussees,  France. 
On  The  Great  Lakes. 

Dan  C.  Kingman,  Maj.,  Corps  of  Engrs.,  U.  S.  A. 
D.  D.  G.\ILLARD,  Capt.,  Corps  of  Engrs.,  U.  S.  A. 
On  The  Sea  Coa.st. 

Cassius  E.  Gillette,  Capt..  Corps  of  Engrs.,  U.  S.  A. 

Charles  H.  McKinstry;  M.  Am.  Soc.  C.  E.,  Capt.,  Corps  of  Engrs., 

U.  S.  A. 
Natural  Waterways. — Subject  A'^o.  2: 

James  L.  Lusk,  M.  Am.  Soc.  C.  E.,  Maj.,  Corps  of  Engrs.,  U.  S.  A. 

K.  E.  HiLGARD,  M.  Am.  Soc.  C.  E.,  Zurich,  Switzerland. 

A.  B.  Marinkelle,  Engr,  Royal   Corps  of  Waterstaat,  Utrecht,  The 

Netherlands. 
M.  CharguerauI),  Ingenieur  en  Chefs  des  Fonts  et  Chausees  en  Chef 

de  la   Navigation  de  la  Marne,  France. 
A rtificial  Waterways.—  Subject  Xo.  j  : 

W.  L.  SiiiERT,  M.  Am.  Soc.  C.  E.,  Capt.,  Corps  of  Engrs.,  U.  S.  A. 
W.  H.  Hunter,  M.    Inst.  C.  E.,  Chief  Engr.,  Manchester   Ship  Canal, 

England. 
M.  DE  Lint,  Asst.  Engr.,  Royal  Corps  of  Waterstaat,  Terneuzen,  The 

Netherlands. 
J.    Nele.mans,    Engr.,    Royal    Corps    of    Waterstaat,    Terneuzen,  The 

Netherlands. 
L.  F.  E.  \  an  Hoogenhuyze,  Asst.  Engr., Royal  Corps  of  Waterstaat, 

Terneuzen,  The  Netherlands. 
M.  Charguekaud,  Ingenieur  en  Chef  des  Fonts  et  Chaussees,  Ingenieur 

en  Chef  de  la  Navigation  de  la  Marne,  France. 
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Lighthouses  and  Other  Aids  to  Navigation. — Subject  A'o.  4: 

D.  W.  LocKWOOD,  Lieut. -Col.,  Corps  of  Engrs.,  U.  S.  A. 

Thomas  Matthew.s,  M.  Inst.  C.  E.,  Chief  Engr.,  Trinity  House,  London, 

England. 
Luis  Luiggi,  Director  General,  Obras  del  Puerto  Militar,  Buenos  Aires 

Argentine  Republic. 
C.  RiBiERE,  Ingenieur  en  Chef  des  Fonts  et  Chaussees,Ingenieur  en  Chef 
du  Service  Central  des  Phares  et  Balises,  France. 
Traffic  on  Improved  Waterways,  Etc. — Siihjcct  A^o.  ^  : 

*  Edward  P.  North,  M  Am.  Soc.  C.  E.,  New  York  City. 
Purification  of  Water. — Stibject  A\\  6  : 
a.  For  Domestic  L^se. 

♦Allen  Hazen,  M.  Am.  Soc.  C.  E.,  New  York  City. 
M.  Bechman.n',  Ingenieur  en  Chef  des  Fonts  et    Chaussees,  Ingenieur 
en  Chef  du  Service  des  Eaux  et  del  I'Assainissement  de  la  Ville  de 
Paris,  France. 
/>.  For  the  Production  of  Steam. 

James  O.  Handy,  Chief  Chemist,  Pittsburg  Testing  Laboratory,  Pitts- 
burg, Fa. 
Turbines  and  Water  Wheels. — Sub/cct  A'o.  7  .• 

Gardner  S.  Williams,  M.  Am.  Soc.  C.  E.,  Ithaca.  N.  Y. 
P.  O.  Levy  Salvador,  Ingenieur  des   Constructions  civiles,  Ingenieur 
au  Ministere  de  I'Agriculture,  France. 
Irrigation.— .SV//yV(-^  A'o.  8 : 

Elwood  Mead,  M.  Am.  Soc.  C.    E.,  Chief,  Irrigation  Investigations, 

Washington,  D.  C. 
*Sir  Hanbury  Brown,  K.  C.  M.  G.,  M.  Inst.  C.  E.,  Late  Chief  In- 

■<pector  of  Irrigation,  Lower  Egypt. 
J.  E    AlEiiiER,  formerly  Director  of  Indian  Public  Works,  The  Hague, 

Tiie  Netherlands. 
P.O.  Lh\Y  Salvador,  Ingenieur  des  Constructions  civiles,  Ingenieur 
au  Ministere  de  I'Agriculture,  France. 
Railroad  Terminals. — Stibjcct  A^o.  g : 

Elmer  L.  Corthell,  M.  Am.  Soc.  C.  E.,  New  York  City. 
W.  T.  Foxlee,  M.  Inst.  C.  E.,  London,  England. 

Ernest  Pontzen,  Cor.  M.Am.  Soc.  C.  E.,  Ingenieur  des  Constructions 
civiles,  France. 
Underground  Railways.. — Subject  A^'o.  10: 

William  Barclay  Parsons,  M.  Am.  Soc.  C.  E.,  Chief  Engr.,  Rapid 

Transit  Comm.,  New  York  City. 
Basil  Mott,  M.  Inst.  C.  E.,  and  David  Hay,  M.  Inst.  C.  E.,  Central 

London  and  City  and  South  London  Railways,  England. 
M.  Biette,  Ingenieur  des  Fonts  et  Chaussees,  adjoint  a  I'lngenieur  en 
Chef  du  Chemin  de  fer  Metropolitan  de  Paris,  France. 
Locomotives  and  Other  Rolling  Stock. — Subject  A'o.  11 : 

William  Forsyth,  M.  Am.  Soc.  M.  E.,  Chicago.  111. 

G.  J.  Churchward,  M.  Inst.  C.  E.,  Chief  Locomotive   Supt,  Great 

Western  Ry.,  England. 
Edouard  Sauvage,  Ingenieur  en  Chef  des  Mines,  Frofesseur  a  I'Ecole 
des  Mines,  France. 
Live  Loads  for  Railroad  Bridge.s. — Subject  A^o.  12: 

*Henry  W.  Hodge,  M.  Am.  Soc.  C.  E.,  New  York  City. 
The  Substitution  of  Electricity  for  Steam  as  a  Motive  Power. — 
Subject  A^o  /J  : 

James  G.  White,  M.  Am.  Soc.  C.  E.,  New  York  City. 
Alexander  Siemens,  M.  Inst.  C.  E.,  London,  England. 
Sewage  Disposal — Subject  No.  14: 

*  George  W.  Fuller,  Assoc.  M.  Am.  Soc.  C.  E.,  New  York  City. 
M.  Bechmann,  Ingenieur  en  Chef  des   Fonts  et  Chaussees,  Ingenieur 
en  Chef  du  Service  des  Eaux  et  de  I'Assainissement  de  la  Ville  de 
Paris,  France. 
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Disposal  ok  Municipal  Refuse.— <S"/y(^/V(7  No.  /j  ; 

RuiiOLPH  Hering,  M.  Am.  Soc.  C.  E.,  New  York  City. 
M    HoREUX,  Inspecteur  General  des  Ponts  et  Chaussees,  Chef  du  Serv- 
ice de  la  Voie  publique  et  de  I'Eclairage  de  la  Ville  de  Paris,  France. 
Ventilation  ok  Tunnels.— ^'///yVc/' A'c.  j6: 

*  Charles  S.  Ciu'Rchill,  M.  Am.  Soc.  C.  E.,  Chief  Engr.,  Norfolk  & 

Western  R.  R.,  Roanoke,  Va. 
Francis  Fox,  M.  Inst.  C.  E.,  London,  England. 
Highway  Construction. — Siil>/c;t  No.  //.■ 

James  Owen,  M.  Am.  Soc.  C.  E.,  Newark,  N.  J. 

WiLLiA.M  E.  McClintock,  M.  Am.  Soc.  C.  E.,  Chairman,  Massachusetts 

Highway  Conim.,  Boston,  Mass. 
G.  FoRES'iTEK,  Inspecteur  General  des  Ponts  et  Chaussees,  Ancien  Pro- 
fesseur  a  I'Ecole  des  Ponts  et  Chaussees,  France. 
Concrete  ano  Concrete-steel. — Suhject  A^o.  iS : 

Er>wiN  Thacher,  M.  Am.  Soc.  C.  E.,  New  York  City. 
John  S.  Sewall,  Capt.,  Corps  of  Engrs.,  U.  S.  A. 
Fr.  von  Emi'erger,  Vienna,  Austria. 

Armand    Considere,    Inspecteur  General    des    Ponts    et    Chaussees,. 
France. 
Deep  Foundations. — Subject  No.  ig: 

John  F.  O  Rourke,  M.  Am.  Soc.  C.  E.,  New  York  City. 

W.  F.   Druyvesteyn,  Engr.,  Royal  Corps  of  Waterstaat,  Groningen, 

The  Netherlands. 
Louis  Coiseau,  Vice-Pres.  dela  Societe  des  Ingenieurs  Civils  de  France, 
Entrepreneur  de  Travaux  Publics,  France. 
The  Manufacture  of  Steel. — Subject  No.  20: 

William  Metcalf,  Past-Pres.,  Am.    Soc.  C.   E.,  Pittsburg,   Pa.,  and 
Chas.  B.  Dudley,  M.  Am.  Soc.  C.  E.,  Altoona,  Pa. 
Tests  of  Materials  of  Construction. — Subject  No.  21 : 

E.  L.  Candlot,  Ingenieur  Civil,  France. 
Steel. 

*WiLLiAM  R.  Wei-.stek,  M.  Am.  Soc.  C.  E.,  Philadelphia,  Pa. 
L.  L.  Bacle,  Ingenieur  Civil,  France. 
Timber. 

Gaetano  Lanza,  M.  Am.  Soc.  M.  E.,  Boston,  Mass. 
Cement. 

William  A.  Aiken,  M.  Am.  Soc.  C.  E.,  Pittsburg,  Pa. 
Passenger  Elevators. — Subject  No.  22  : 

Thomas  E.  Brown,  M.  Am.  Soc.  C.  E.,  New  York  City. 
Pumping  Machinery.— .S'//<^>f/ A'c^  23: 

Irving  H    Reynolds,  M.  Am.  Soc.  M.  E.,  Y'oungstown,  Ohio. 
William  Mayo  Venable,  Assoc.  M.  Am.  Soc   C.  E.,  New  Orleans,  La. 
Dredges:  Their  Construction  and  Performance. — Subject  No.  24: 
A    W.  Robinson,  M.  Am.  Soc.  C.  E.,  Montreal,  Canada. 

F.  B.  Malthy,  M.  Am.  Soc.  C.  E.,  Memphis,  Tenn. 
J.  C.  Sanford,  Maj.,  Corps  of  Engrs.,  U.  S.  A. 

J.  Hersent,  Ingenieur  Civil,  Entrepreneur  de  Travaux  Publics,  France. 
Steam  Turbines.  -.i^/yVc/  N^o.  2j  : 

Francis  Hodgkinson,  M.  Am.  Soc.  M.  E.,  Pittsburg,  Pa. 

M.  Rateau,  Ingenieur  des  Mines,  Professeura  I'Ecole  des  Mines,  France. 
Electrical  Power — Gener.vting  Stations  andTransmlssion. — Subject  A'o.  26: 

L.  B.  Stillwell,  M.  Am.  Soc.  C.  E.,  New  York  City. 
Naval  Architecture. — Subject  N^o.  2-/  : 

W.  L.  Capp.s,  Rear-Admiral,  Chief  Constructor,  U.  S.  N. 

Sir  William    H.    White,  K.  C.   B.,   F.  R.   S.,   Pres.,  Inst.  C.  E.,  lute 
Director  of  Naval  Construction,  England. 
Marine  Engineering. — Subject  No.  28: 

W.  F.  Durand,  M.  Am.  Soc.  M,  E.,  Ithaca,  N.  Y. 

M,  Daymari),  Ingenieur  en   Chef,  Conseil  de  la  Compagnie  Generale 
Transatlantique,  France. 
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Dry  Docks. — Subject  No.  zg : 

M.  T.  Endicott,  M.  Am.  Soc.  C.  E.,  Rear-Adtniral,  Chief  of  Bureau 
of  Yards  and  Docks,  U.  S.  N. 

CuTHBERT  A.  Breretox,  M.  Iiist.  C.  E.,  England. 

Luis  Luiggi,  Director  General,  Obras  del  Puerto  Militar,  Buenos  Aires 
Argentine  Republic. 

Paul  Joly,  Inspecteur  General  des  Ponts  et  Chaussees,  France. 
Ordnance. — Subject  No.  jo ;  < 

Thales  L.  Ames,  Capt.,  Ordnance  Dept.,  U.  S.  A. 

H.  C.  L.  Holden,  Lieut.-Col.,   R.  A.,   F.  R.   S.,   Supt.  of  Royal  Gun 
Factory,  Woolwich,  England. 

George  W.  Burr,  Capt.,  Ordnance  Dept.,  U.  S.  A. 

Odus  C.  Horney,  Capt.,  Ordnance  Dept.,  U.  S.  A. 

John  T.  Thompson,  Capt.,  Ordnance  Dept.,  U.  S.  A. 
Fortifications. — Subject  No.  ji  : 

S.  W.  RoESSLER,  Maj.,  Coips  of  Engrs.,  U.  S.  A. 

George  W.  Goethals,  Maj.,  Corps  of  Engrs.,  U.  S.  A. 
Mining  Engineering. — Su/ject  A^o.  jz  : 

E.  G.  Spilsbury,  M.  Am.  Soc.  C.  E,,  Trenton,  N.  J. 

Edguard  Gruner,  Ingenieur  Civil  des  Mines,  France. 
Engineering  Education. — Subject  A^o.  j  j: 

Robert  Fletcher,  Assoc.  Am.  Soc.  C.  E.,  Prof,  of  Civil   Engineering, 
Dartmouth  Coll.,  Hanover,  N.  H. 

Calvin  M.  Woodward,  Dean  of  Eng,   School,  Washington  Univ.,  St. 
Louis,  Mo. 

W.  Cawthorne  Unwin,  F.  R.  S.,  M.  Inst.  C.  E.,  Cooper's  Hill  College 
and  City  and  Guilds  Technical  College,  London,  England. 
*  Surveying. — Subject  A'o.  jj  .• 

Officers  of  the  United  States  Geological  Survey. 

Officers  of  the  United  States  Coast  and  Geodetic  Survey. 
Wharves  and  Piers. — Subject  A^o.  j-/  : 

John  A.  Bensel. — M.  Am.  Soc.  C.  E.,  Engr.  in  Chief,  Dept.  of  Docks 
and  Ferries,  New  York  City. 
The  Manufacture  of  Cement. — Subject  AV.  ^8 : 

Robert  W.  Lesley,  Assoc.  Am.  Soc.  C.  E.,  Philadelphia,  Pa. 

*  Advance  papers  of  those  marked  *  are  on  file  in  the  library  W.  S.  E.,  and  can  be  consulted  by  those 
interested. 


Joiat  Meeting  of  the  Institution  of  Mechanical  Engineers  and  the  American 
Society  of  Mechanical  Engineers. 

AT  CHICAGO, 
MAY  31»t  to  JUNE  3d,  1904. 

An  interesting  and  important  event  in  the  engineering  circles  of  Chicago  and 
in  the  international  relations  of  engineers,  was  the  joint  meeting  of  the  Institution 
of  Mechanical  Engineers  (Great  Britain)  and  the  American  Society  of  Mechanical 
Engineers,  which  was  held  in  Chicago  on  May  31st  and  June  1st  to  3d.  Nearly  one 
hundred  members  of  the  British  Society  were  present,  including  members  from 
France,  Belgium,  Turkey,  etc.  The  American  Society  had  a  large  attendance, 
among  which  the  Chicago  membership  was  well  represented.  As  the  meeting 
partook  of  a  social  as  well  as  of  a  technical  character,  a  large  number  of  ladies 
and  other  guests  were  in  attendance,  and  the  total  list  of  members,  guests  and 
visitors  who  registered  at  the  headquarters  (in  the  Auditorium  Hotel)  was  very 
nearly  one  thousand.  The  meeting  was  an  outcome  of  the  St.  Louis  Exposition, 
the  representatives  of  the  British  Society  being  on  a  tour  of  the  country,  with  the 
Exposition  as  their  principal  objective  point. 

335 


At  the  business  sessions  of  the  meetings,  the  presidents  and  secretaries  of  the 
two  societies  sat  together  on  the  platform,  and  each  president  assumed  the  chair- 
manship while  the  papers  by  members  of  his  own  society  were  under  consideration. 
Papers  by  home  and  foreign  engineers  were  presented  indiscriminately  and  the 
American  and  foreign  engineers  participated  equally  in  the  discussions,  so  the 
meeting  was  assentially  an  international  convention  of  mechanical  engineers.  The 
two  presidents  were  Mr.  J.  H.  Wicksteed,  of  Leeds,  England,  and  Mr.  Ambrose 
Swasey,  of  Cleveland,  O. 

The  first  session  was  held  on  the  evening  of  May  31st,  when  the  City  Comp- 
troller, Mr.  L.  E.  McGann,  as  representing  the  Mayor,  delivered  an  address  of 
welcome.  This  was  followed  by  brief  addresses  by  the  presidents  of  the  two 
societies,  and  the  meeting  then  adjourned  to  give  place  to  an  informal  reception 
and  social  gathering  in  the  parlors  of  the  Auditorium  Hotel. 

The  technical  part  of  the  proceedings  opened  with  a  general  discussion  on  the 
question  of  labor  and  wages,  in  the  course  of  which  there  was  some  very  plain 
talk  as  to  the  deficiencies  of  both  employers  and  employees  in  their  mutual  rela- 
tions on  both  sides  of  the  water.  The  disposal  of  garbage  by  cremation  was  the 
next  subject,  but  here  the  British  engineers  had  the  floor,  although  if  American 
municipal  engineers  had  been  present,  much  interesting  information  might  have 
been  given  as  to  American  experience  in  this  direction. 

The  steam  turbine  next  came  in  for  a  large  share  of  attention,  but  here  the 
Americans  were  mostly  in  evidence,  except  that  a  paper  by  Prof.  Rateau  (of  Paris) 
was  presented.  Some  of  the  points  brought  out  were  that  the  economic  perform- 
ances of  various  steam  turbines  do  not  vary  greatly  from  each  other  ;  that  a  high 
degree  of  superheat  is  not  economical  when  economy  of  cost  is  to  be  considered  ; 
that  the  steam  turbine  is  more  economical  in  performance  than  the  reciprocating 
engine  ;  that  the  condensing  equipment  is  often  unnecessarily  elaborate,  and  that 
the  present  designs  will  probably  develop  into  improved  standard  designs  of 
machines  within  the  next  decade. 

The  subject  of  power  plants  of  tall  office  buildings  naturally  again  kept  the 
Americans  to  the  front,  as  buildings  of  this  class  are  comparatively  rare  abroad, 
and  the  elaborate  power  plants  of  these  buildings  are  distinctively  representative 
of  American  mechanical  engineering  enterprise. 

The  subject  of  electric  and  hydraulic  cranes  for  dock  work,  however,  claimed 
the  consideration  of  the  British  engineers  again.  The  author  of  the  paper  had 
used  both  types  of  cranes  and  favored  the  electric,  but  the  two  principal  discus- 
sions strongly  supported  the  hydraulic  cranes,  although  it  was  admitted  that  many 
of  these  are  not  as  efficient  and  convenient  in  service  as  they  might  and  should  be. 

Other  subjects  dealt  with  by  papers  and  discussions  included  ;  The  use  of 
superheated  steam  in  compound  engines  ;  tests  of  gas  engines  ;  the  effects  of 
strain  and  of  annealing  upon  alloys  ;  the  composition  and  strength  of  cast  iron, 
and  the  measurement  of  work  done  by  machine  tools. 

The  final  subject  was  that  of  testing  the  efficiency  and  performance  of  loco- 
motives. There  was  very  little  discussion,  owing  to  lack  of  time,  but  the  papers 
included  road  tests,  and  the  use  of  locomotive  testing  plants  in  this  country  and  in 
England. 

The  excursions  and  technical  visits  included  the  following  trips  : 

1.  The  Illinois  Tunnel  Company's  tunnels  for  telephone  and  freight  trans- 
portation service. 

2.  The  same  company's  automatic  telephone  exchange. 
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3.  The  South  Chicago  works  of  the  Illinois  Steel  Co. 

4.  The  Stock  Yards  and  Packing  Houses. 

5.  The  Drainage  Canal. 

6.  The  clearing  yards  of  the  Chicago  Terminal  Transfer  Co. 

7.  The  Fisk  Street  power  station  (with  steam  turbines)  of  the  Commonwealth 
Electric  Co. 

The  two  principal  social  events  were  a  reception  by  the  officers  of  the  two 
societies  and  a  concert.  The  reception  was  held  at  the  Art  Institute,  giving  the 
visitors  an  opportunity  to  see  the  collections  of  painting,  statuary,  and  other  art 
treasures.  The  concert  (by  the  celebrated  Thomas  Orchestra)  was  given  in  the 
Auditorium,  and  was  a  very  brilliant  affair,  attended  by  over  six  hundred  persons. 
This  was  the  closing  event  of  a  most  successful  international  meeting  of  engineers, 
and  the  climax  of  the  friendly  relations  was  reached  when,  at  the  conclusion,  the 
entire  audience  rose  and,  to  the  same  tune  (the  national  air  of  both  Great  Britain 
and  the  United  States)  sang,  first,  "  God  Save  the  King,"  and  then  "My  Country, 
'tis  of  Thee."  T. 


American  Institute  of  Electrical  Engineers — High-Tension  Transmission 
Convention  in  Chicago,  June  21=22. 

High-tension  transmission  was  the  general  subject  taken  up  at  a  convention 
of  the  American  Institute  of  Electrical  Engineers  held  in  Chicago  on  June  21st 
and  22d,  and  with  a  good  attendance  and  hearty  interest  in  the  work  the  result  of 
the  meeting  was  highly  satisfactory. 

The  convention  was  held  in  the  rooms  of  the  Western  Society  of  Engineers  in 
the  Monadnock  Building,  and  Bion  J.  Arnold,  President  of  the  Institute,  presided 
at  each  of  the  sessions.  The  number  in  attendance  the  first  day  was  85,  while  a 
■  few  more  were  registered  on  the  succeeding  day. 

Prominent  among  those  present  were  President  Arnold;  the  Secretary  of  the 
the  Institute,  Mr.  Ralph  W.  Pope,  of  New  York;  Dr.  F.  A.  C.  Perrine,  of  Pittsfield, 
Mass.;  Messrs.  R.  D.  Mershon,  and  F.  O.  Blackwell,  of  New  York;  Charles  F. 
Scott,  of  Pittsburg;  P.  Junkersfeld,  of  Chicago;  H.  B.  Alverson,  of  Buffalo,  and 
W.  B.  Jackson,  of  Madison,  Wis.,  all  of  whom,  and  many  others,  participated  in 
the  discussions  of  the  various  papers  presented  at  the  convention. 

Two  sessions  were  held  on  the  21st,  at  which  five  of  the  papers  upon  the  pro- 
gram were  read.  These  papers  showed  careful  preparation  on  the  part  of  the  au- 
thors, and  brought  up  many  questions  of  general  interest  to  tho.se  connected  with 
high-tension  transmission  work. 

The  papers  with  their  authors  were  as  follows: 

"Line  Construction  with  Steel  Supporting  Structures  and  Long  Spans,"  by 

F.  O.  Blackwell,  of  New  York. 

"Protection  of  Cables  from  Arcs  Due  to  Failure  of  Adjacent  Cables,"  by  W. 

G.  Carlton,  of  Chicago. 

"The  Use  of  Ground  Shields  in  Transformers,"  by  John  S.  Peck  of  Pittsburg. 

"Conditions  for  Continuous  Service  over  Lines  Operated  in  Parallel,"  by  M. 
H.  Gerry,  of  Helena,  Mont. 

"Protection  of  High-tension  Lines  Against  Static  Disturbances,"  by  H.  C. 
Wirt,  of  Schenectady,  N.  Y. 

On  June  22d  the  remaining  paper  on  the  program— "Synchronous  Motors  for 
the  Regulation  of  Power-factor  and  Line  Voltage,  "  by  B.  G.  Lamme,  of  Pittsburg, 
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was  read,  and  also  the  report  of  the  transmission  committee  on  data  collected, 
which  were  opened  for  general  discussion  along  with  the  papers  of  the  preceding 
day. 

A  pleasant  break  in  the  routine  work  of  the  convention  was  a  trip  through  a 
part  of  the  Illinois  Tunnel  Company's  system  on  the  afternoon  of  the  second  day. 
After  lunch  the  party  assembled  at  the  society  rooms,  and  from  there  went  to  the 
the  entrance  to  the  tunnels  on  Fifth  avenue,  where  they  were  taken  down  into  the 
network  of  subterranean  passages  which  now  underly  the  streets  of  Chicago,  and 
were  given  a  short  trip  on  electric  cars  40  feet  below  the  surface  of  the  streets. 

After  this  experience  a  short  session  was  held  for  further  discussion,  when  the 
meeting  was  adjourned,  and  the  members  were  entertained  at  the  Chicago  Yacht 
Club  for  dinner,  through  the  generosity  of  the  Chicago  Edison  Company,  the  Gen- 
eral Electric  Company,  the  Westinghouse  Electric  &  Manufacturing  Company, 
the  Western  Electric  Company,  the  Arnold  Electric  Power  Station  Company, 
and  Sargent  &  Lundy. 

After  dinner,  through  the  courtesy  of  Captain  Darby,  of  the  U.S.  S.  Dorothea, 
the  party  was  taken  for  a  short  cruise  on  Lake  Michigan,  and  it  was  with  reluct- 
ance that  order  to  disembark  was  obeyed.  Captain  Darby  was  not  present  in  per- 
son, but  his  place  was  admirably  filled  by  Commander  King,  who  personally 
looked  after  the  welfare  of  his  guests.  H.  W.  Y. 


Armour  Institute  of  Technology. 

The  eighth  annual  commencement  of  the  College  of  Engineering  of  Armour 
Institute  of  Technology  was  held  on  the  evening  of  Wednesday,  June  i6th,  1904, 
at  Armour  Chapel. 

A  most  interesting  and  masterly  address  was  delivered  to  the  graduates  by 
Senator  Jonathan  P.  Dolliver,  of  Iowa. 

At  the  request  of  President  Gunsaulus  a  report  of  the  attendance  for  the  aca- 
demic year  1903-1904  was  read,  showing  a  total  enrollment  of  1,589  students.  Of 
this  number  496  were  enrolled  in  the  College  of  Engineering,  345  in  the  Scientific 
Academy,  575  in  the  Evening  Classes,  and  174  in  the  Summer  Courses. 

The  degree  of  Bachelor  of  Science  was  conferred  on  thirty-three  graduates  of 
the  different  departments  of  Engineering  as  follows: 

Fifteen  of  the  Electrical  Engineering  Department;  ten  of  the  Mechanical 
Engineering  Department;  five  of  the  Civil  Engineering  Department;  two  of  the 
Chemical  Engineering  Department,  and  one  of  the  course  in  Architecture, 

Engineering  degrees  were  granted  to  the  following  graduates  of  Armour  Insti- 
tute of  Technology: 

Ralph  H.  Rice,  B.  S.  (E.  E.)  '97, 

Edward  W.  Leeper,  B.  S.  (E.  E.)  '98, 

Louis  I.  Porter,  B.  S.  (E.  E.)  '99, 
receiving  the  degree  of  Electrical  Engineer. 

Clarence  L.  Tarbell,  B.  S.  (M.  E.)  '99, 
the  degree  of  Mechanical  Engineer. 

Alfred  S.  Alschuier,  B.  S.  (in  Architecture)  '99, 
the  degree  of  Master  of  Science. 

In  conferring  the  degree  of  Doctor  of  Science  on  John  Findley  Wallace,  Chief 
Engineer  of  the  Panama  Canal,  President  Gunsaulus  spoke  as  follows: 

"In  recognition  of  distinguished  services  performed  as  officer  of  one  of  the 
most  important  highways  of  American  commerce,  eminent  wisdom  as  the  adviser 
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of  his  fellows  in  undertaking  and  prosecuting  vast  private  and  public  enterprises 
involving  scholarly  intelligence  and  high  technical  ability,  mature  and  valuable 
guidance  to  others  of  his  profession  who  have  heard  or  read  his  words,  especially 
now  when  he  so  worthily  enters  upon  his  duties  as  Chief  Engineer  of  the  United 
States  in  the  construction  of  the  Panama  Canal,  we,  the  trustees  and  faculty  of 
Armour  Institute  of  Technology,  recognizing  his  absence  from  us  to-night  as  only 
another  evidence  of  his  patriotism  and  devotion,  confer  upon  John  Findley  Wal- 
lace the  degree  of  Doctor  of  Science,  with  all  the  rights  and  dignities  thereof." 

H.  M.  R. 


The  Case  School  of  Applied  Science. 

The  occasion  of  the  inauguration  of  Charles  Sumner  Howe,  as  President  of 
the  Case  School  of  Applied  Science,  Cleveland,  Ohio,  on  the  loth  and  nth  of  May, 
was,  to  the  delegate  from  the  Western  Society  of  Engineers,  a  very  enjoyable 
season,  especially  from  the  fact  of  meeting  so  large  a  number  of  gentlemen  con- 
nected not  only  with  the  higher  education  of  engineers,  but  with  higher  education 
in  the  broadest  sense. 

The  two  days  of  the  function,  beginning  with  the  reception  at  the  University 
Club  the  evening  of  the  loth,  followed  by  exercises  of  varying  character  and  ter- 
minating in  the  banquet  the  evening  of  the  nth,  are  fairly  well  set  forth  in  the 
memorandum  and  specifications  filed  with  this  report,  which  contain  also  the 
names  of  the  representatives  of  the  various  institutions  and  societies  present. 
Your  delegate  had  nothing  to  do  except  to  look  wise  and  listen  to  the  discourses. 
As  a  result  of  "research,"  the  conclusion  is,  in  his  mind,  that  the  ambition  of  the 
educator  is  human — that  is,  to  drive  the  fastest  machine — and  that  quality  of 
"research  "  rather  than  quantity  is  sought.  In  attempting  to  express  this  the  law 
of  the  lever  is  useful.  The  composite  idea  of  the  advanced  educators  seems  to  be 
that,  having  the  privilege  of  bestowing  i,ooo  units  of  "  research, "  and  "broad 
and  deep  culture,"  it  is  more  to  the  credit  of  any  given  institution  to  work  these 
i,ooo  units  into  one  man,  rather  than  to  place  one  unit  in  each  of  i,ooo  men. 

Your  delegate  had  previously  supposed  that  the  presidents  and  professors  of 
the  advanced  institutions  were  different  from  the  balance  of  the  human  family. 
However,  stories  were  told  from  the  platform  antedating  Rameses  I.,  and  the  ora- 
tor introduced  himself  as  though  he  had  taken  part  in  the  affair,  and  from  this  you 
can  understand  how  your  delegate  felt  himself  entirely  at  home.  It  is,  however, 
very  satisfactory  to  call  the  attention  of  an  engineering  society  to  the  fact  that  of 
the  various  presentations  from  the  platform,  there  was  heard  more  commendation 
by  the  educators,  of  the  remarks  of  the  one  practicing  engineer  (Mr.  Freeman, 
discussing  "education")  than  of  the  many  addresses  of  the  instructors. 

H.    E.    HORTON. 

The  "Memorandum  and  Specifications"  filed  with  the  above  report  include 
a  programme  of  exercises  at  the  inauguration  of  President  Howe,  with  a  list  of  the 
delegates  representing  various  institutions  and  societies.  In  this  extended  list  is 
to  be  noted  the  Massachusetts  Institute  of  Technology  by  its  President,  Dr. 
I'ritchett ;  Yale  University,  Sheffield  School,  by  Prof.  Richards  ;  University  of 
Pennsylvania,  by  Prof.  Doolittle  ;  Columbia  University,  by  Dean  Hutton  ;  Uni- 
versity of  Tennessee,  by  President  Dabney  ;  the  United  States  Military  Academy, 
by  Brig.  Gen.  Garretson  ;  University  of  Michigan,  by  President  Angel  ;  University 
of  Wisconsin,  by  President  Van  Hise  ;  University  of  Illinois,  by  Dean  Ricker  ; 
University  of  California,  by  President  Wheeler  ;  Purdue  University,  by  President 
Stone;  Rose  Polytechnic  Institute,  by  President  Mees  ;    University  of  Cincinnati 
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by  President  Ayres ,  Northwestern  University,  by  President  James;  Iowa  State 
College,  by  President  Storms  ;  Ohio  State  University,  by  President  Thompson  ; 
Johns  Hopkins  University,  by  President  Kemsen,  etc.,  etc.  Many  scientific  and 
engineering  societies  and  associations  were  also  represented. 

In  the  inauguration  exercises,  addresses  were  delivered,  "On  behalf  of  the 
universities  ' '  by  President  Remsen  of  Johns  Hopkins  ;  "On  behalf  of  the  technical 
schools  "  by  President  Pritchett  of  the  Massachusetts  Institute  of  Technology  ; 
"On  behalf  of  the  technical  societies"  by  Mr.  J.  R.  F'reeman,  of  the  Am.  Soc.  C. 
E.  and  the  Am.  Soc.  M.  E. ;  and  "On  behalf  of  the  colleges  of  Ohio,  "  by  President 
Thwing  of  the  Western  Reserve  University,  etc.,  etc. 

The  Inaugural  Address  was  from  President  Howe,  "  Does  a  Technical  Course 
Educate?" 

These  inaugural  ceremonies  cannot  be  fully  described  in  the  space  available, 
but  that  same  evening  there  was  a  banquet,  in  the  menu  of  which  the  fancy  of 
some  apt  mind  made  humorous  use  of  the  familiar  form  of  "  Engineering  Specifi- 
cations," substituting  however  appropriate  terms  and  names.  The  toasts  under 
the  heading  of  "Proposals"  carried  out  the  same  idea  under  the  sub-titles  of 
Grading,  Foundations,  Decoration,  Ventilation,  Efficiency  Test,  etc.,  etc.  The 
(mis)quotations,  coupled  with  names  listed  to  reply  to  these  toasts,  as  President 
Dabney  of  Tennessee,  President  Wheeler  of  California,  President  Gunsaulus  of 
"  Armour,"  President  Van  Hise  of  Wisconsin,  and  Mayor  Johnson,  would  indicate 
that  the  treatment  of  these  (technical?)  subjects  was  in  a  light  and  entertaining 
vein  and  provocative  of  mirth  and  good  fellowship.  W. 
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4  vols,  ready. 

When  parts  5  and  6  have  been  issued,  this  work  will  be  one  of  the  largest  deal- 
ing exclusively  with  telephone  engineering. 

The  author,  coming  to  telephony  after  a  considerable  experience  in  the  longer 
established  and  therefore  perhaps  more  exact  branches  of  engineering,  has  collec- 
ted a  very  large  amount  of  information  concerning  the  various  ways  in  which  tele- 
phonic things  have  been  done.  His  work  is  of  much  value  as  a  compendium  of 
various  methods,  and  in  some  instances  one  might  even  wish  the  explanations  wery 
fuller  in  order  that  the  disadvantages  might  be  more  apparent.  A  greater  fullness 
would  also  be  valuable  in  the  chapter  on  definitions,  for  the  reason  that  telephone 
is  old  enough  to  have  created  a  nomenclature  of  its  own,  containing  words  which 
do  not  exist  in  other  arts;  and,  still  more  mystifying  to  the  novice,  many  words 
which  have  other  meanings  in  other  arts.  It  is  regretted  that  some  of  the  defini- 
tions which  are  given  in  the  work  are  so  framed  that  unless  read  in  the  light  of 
previous  knowledge  a  wrong  conception  will  be  given. 

The  six  sections  are  to  cover  the  following  phases; 

Part  I.     The  location  of  the  central  office; 

Part  2.     The  construction  of  underground  conduits; 

Part  3.     The  cable  plant; 

Part  4.     Open  wire  lines; 

Part  5.     The  substation; 

Part  6.     Switchboards  and  the  central  office, 

A  chapter  of  the  first  volume  is  devoted  to  a  mathematical  proof  of  the  axiom 
that  more  wire  is  required  to  enable  one  subscriber  in  a  system  to  talk  privately 
with  any  one  of  the  remainder,  if  he  has  a  direct  line  to  each,  even  if  each  sub- 
scriber had  a  line  and  all  of  them  centered  in  an  office  for  intercommunication,  un- 
less the  number  of  subscribers  in  the  exchange  is  smaller  than  three. 

The  chapters  upon  determining  the  most  economical  location  of  central  offices 
should  be  found  of  much  value  to  those  having  occasion  to  make  development 
studies  for  telephone  exchange  construction.  Even  a  cursory  reading  of  these 
chapters  will  show  the  ordinarily  unappreciated  importance  of  making  the  proper 
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locations,  because  of  the  effect  not  alone  on  investments,  but  upon  operating  ex- 
pense year  by  year. 

In  the  volume  on  aerial  lines  are  contained  some  notes  upon  the  effect  of  Pupin 
coils  in  telephone  lines,  reproducing  the  results  of  certain  tests  in  Germany,  and  it 
is  stated  that  in  a  general  way  the  investigation  showed  that  the  insertion  of  bal- 
ancing inductances  extends  the  distances  of  possible  transmission  about  fivefold; 
this  result  is  reached  because  of  the  ability  of  distributed  inductance  to  counteract 
the  harmful  effect  of  the  distributed  capacity.  One  might  wish,  however,  that  the 
author  gave  Dr.  Pupin  a  freer  measure  of  praise  for  what  he  has  done. 

In  the  volumes  dealing  with  actual  construction,  perhaps  the  most  valuable 
portions  for  general  use  are  those  providing  forms  of  specifications  and  contracts. 
It  is  conceivable  that  with  the  assistance  of  these  volumes  a  work  might  be 
planned,  bids  secured,  and  contracts  let  without  the  assistance  of  an  engineer. 

As  to  what  the  succeeding  volumes  may  contain  we  are,  of  course,  in  doubt, 
except  as  we  may  form  an  opinion  from  what  matter  has  appeared  in  periodicals. 
It  is  to  be  regretted  that  the  scope  of  the  work  as  covered  by  the  titles  of  the  vol- 
umes does  not  include  a  treatment  of  operating  methods,  as  it  is  probable  that  the 
more  important  telephone  economies  are  results  of  ways  of  doings  things  rather 
than  of  the  implements  for  doing  them. 

It  is  to  be  hoped  that  the  volume  on  central  office  equipment  will  treat  in  an 
exhaustive  manner  the  present  problem  concerning  manual  and  automatic  switch- 
ing equipments. 

Measured  by  investment,  the  telephone  is  now  third  in  the  list  of  electrical  in- 
dustries. Measured  by  rate  of  increase  it  is  first.  The  time  has  come  when  engi- 
neers of  other  arts  need  to  know  something  of  it,  and  this  is  one  of  the  few  works 
which  attempt  to  treat  the  whole  subject.  S.  G.  McM. 

Coalis  King.     By  M.   C.    Huyette,   Marquette  Building,   Chicago.     Cloth,  6x9 

inches;  pp.    104;  4  color  plates,  maps  and  charts.     Regan   Printing  House, 

Chicago.     Price,  $5.00. 

Although  the  author  remarks  that  the  material  in  this  book  is  boiled  down, 
there  is  yet  a  considerable  portion  which  is  unadvisable  in  such  a  work,  notably 
the  newspaper  clippings  which  tend  to  confuse,  though  presumably  intended  to  be 
impressive.  To  our  mind,  the  plates  illustrating  impurities  of  coal  are  mislead- 
ing. In  effect,  the  author  states  that  coals  containing  these  impurities  should  be 
avoided,  instead  of  making  a  discrimination  on  the  basis  of  cost  per  unit  power. 

The  coals  illustrated,  except  in  the  extreme  case  of  that  represented  in  Plate 
4,  are  usable.  The  film  of  calcite,  which  the  author  calls  "calcium,"  is  not  in  it- 
self objectionable,  except  that  it  is  inert  in  the  fire.  However,  should  it  carry  a 
little  pyrites  of  iron,  as  shown  in  Plate  4,  it  is  objectionable.  The  condemnation 
of  coal  "showing  white  on  the  cars,"  due  to  a  calcite  coating,  would  mean  that 
40,000,000  tons  in  Illinois,  and  half  as  much  more  in  the  adjoining  states,  would 
not  be  mined  each  year.  It  goes  without  saying  that  with  equal  prices,  it  is  to 
everyone's  interest  to  use  the  best  coal  obtainable  at  a  given  cost,  per  unit  of  power. 

The  Atchison,  Topeka  &  Santa  Fe  Railroad,  running  from  Chicago  to  Cali- 
fornia, uses  Illinois  Third  Vein  Coal  as  far  as  the  Mississippi  River,  then  through 
Missouri,  it  uses  a  grade  not  quite  so  good,  Missouri  coal;  through  Kansas,  it  uses 
coal  from  Pittsburg,  Kansas,  a  very  good  coal,  but  one  which  would  be  scorned  in 
the  orginal  Pittsburg  region.  In  Colorado,  it  uses  Trinidad  (Colorado)  coal,  which 
is  a  higher  grade  than  the  Kansas  product,  although  it  has  a  considerable  amount 
of  ash.  This  is  a  coking  coal  first  obtainable  at  this  point.  In  the  northern  part 
of  New  Mexico,  New  Mexico  coal  is  used,  of  the  same  grade  as  the  Colorado.  At 
Albuquerque  it  suddenly  changes  to  a  lignite  coal,  a  considerable  part  of  which 
blows  out  the  stack.  Oil  burning  engines  are  used  from  Arizona  to  the  coast. 
This  is  an  example  of  a  road  able  to  haul  its  own  coal,  yet  changing  grades  from 
place  to  place,  because  it  is  cheaper  to  use  fuel  at  hand  than  to  haul  it  long  distances. 

In  the  chapter,  "Cost  of  Power,"  the  writer  touches  the  keynote  of  the  whole 
matter,  which  may  be  summarized  by  the  statement  that  the  hnal  test  is  the  cost 
of  evaporating  water,  and  that  the  comparison  between  coals  should  be  made  on 
the  basis  of  total  cost  of  evaporating  a  certain  number  of  pounds  of  water  "from 
and  at  212  deg.  Fah." 

The  compilation  of  chemical  analyses   to  show  the   relative  values  of  Illinois 
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coals,  taken  largely  from  the  University  of  Illinois  bulletins,  is  interesting,  but  in 
the  case  of  coals  with  which  we  are  familiar,  we  know  certainly  that  there  is  no 
basis  in  fact  for  the  wide  variation  in  analytical  results  given  for  coals  from  ad- 
joining states.  We  do  not  doubt  the  accuracy  of  the  analyses,  but  it  is  the  old 
question  of  misleading  sampling.  The  compilation  of  power  tests  indicates  con- 
siderable advantage  in  the  use  of  automatic  stokers  overhand-firing,  which  should 
be  expected. 

The  map  of  the  coal  fields  of  the  United  States  is  interesting,  but  the  great 
Rocky  Mountain  Region  is  credited  merely  with  areas  of  lignite  and  coal  fuels, 
whereas  it  possesses  also  large  fields  of  high  grade  coking  and  steam  coals,  and  a 
little  anthracite. 

The  statement  that  coal  operators  should  crush  and  screen  the  coal  into  uni- 
form sizes  at  the  mines  might  be  good  advice  for  those  in  the  coking  coal  region, 
but  not  for  operators  in  western  fields,  for  there  the  great  amount  of  slack  result- 
ing from  the  crushing  process  could  not  be  utilized  in  coke  making  and  would  have 
to  be  sold  at  a  nominal  price.  Moreover,  it  would  be  exposing  a  greater  number 
of  "faces"  of  the  crushed  coal  to  deterioration,  as  western  coals  do  not  "stock"  or 
"weather."     Such  coal  should  be  crushed  only  where  used  and  just  before  using. 

G.  S.  R. 

Principles  of  City  Land  Values.     Richard  M.   Hurd,  President,  The  Lawyer's 

Mortgage  Insurance  Co.     The  Record    and    Guide,   New  York,   1903.     8vo, 

cloth,  pp.  159.      147  illustrations. 

One  might  look  a  long  while  before  finding  a  book  which  at  first  glance  seems 
to  deal  wjth  an  out-of-the-way  and  unique  subject,  yet  which  enunciates  principles 
and  information  of  such  practical  importance,  not  only  to  the  municipal  engineer 
but  to  the  practical  business  man  and  investor. 

"  The  Principles  of  City  Land  Values,  "  deals  with  an  interesting  subject  from 
every  standpoint.  Our  information  about  such  matters,  when  we  have  any,  is 
largely  built  up  from  practical  experience  and  generally  is  vague  and  unreliable 
even  then.  The  engineer  who  has  watched  the  growth  of  large  cities  and  has 
planned  for  their  care  and  development,  has  an  unusual  opportunity  to  study  the 
principles  of  their  growth  and  accretion  in  land  value. 

Seldom  however  does  he  go  into  the  theory  of  the  thing  so  thoroughly  and 
carefully  as  is  done  in  the  work  before  us.  In  its  perusal  he  will  find  many  vague 
and  ill  defined  phenomena  which  he  has  failed  personally  to  reason  out,  carefully 
analyzed  and  reduced  to  concrete  definition  in  a  way  which  will  both  interest  and 
delight  him. 

The  principles  of  the  location  of  cities  and  the  topographical  and  defensive 
reasons  which  influenced  their  beginnings,  are  first  noted  and  illustrated  by  ex- 
amples. 

The  reasons  for  their  growth  and  the  study  of  its  character  and  direction  is 
further  undertaken,  and  finally  the  values  of  city  lands  are  discussed  and  analyzed, 
and  the  economic  laws  which  control  their  increase  or  cause  their  decline  fully  in- 
quired into. 

Numerous  examples  are  given  in  maps  and  plates  as  to  the  land  values  of  the 
principal  cities  of  this  country.  The  cost  and  character  of  buildings  by  which 
lands  are  improved,  are  carefully  considered  from  an  investment  standpoint. 

The  book  does  not  deal  in  theories.  No  allusions  are  made  to  the  unearned 
increment  or  the  ethical  questions  involved  in  the  values  of  city  property,  but  it 
merely  undertakes  to  state  the  facts  as  the  author  finds  them,  without  complaint  or 
protest,  and  reasons  from  such  facts  to  ihe  cause  and  effect. 

The  book  is  very  interestingly  illustrated,  and  should  be  read  by  every  engi- 
neer having  to  do  with  municipal  progress,  as  well  as  those  in  the  engineering  pro- 
fession desiring  to  know  more  of  the  scientific  principles  which  are  the  basis  of 
real  estate  investments.    •  j.  W.  A. 
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THE  USE  OF  STEEL  FOR  COAL  MINE  TIPPLES,  AND  A  CLASSIFICATION  OF  SAME. 

Geurge  S.   Rice,   M.  W.  S.  E. 

A'l'ai/  Afar  //,  /go^. 

As  recently  as  ten  years  ago  structural  steel  was  almost  unused 
in  building  mine  shaft  towers  or  head  frames  in  this  country. 
Abroad  its  use  had  been  somewhat  extensive  on  account  of  the 
comparative  scarcity  of  lumber.  But  here,  with  the  exception  of 
a  very  few  coal  tipples  in  Pennsylvania,  and  a  few  head  frames  in 
the  Michigan  copper  country,  there  were  practically  no  structures 
of  this  kind  constructed  of  steel. 

As  the  writer's  practice  of  late  years  has  chiefly  been  in  the 
development  of  coal  mine  properties  of  the  west,  he  will  discuss 
from  that  standpoint  the  various  questions  relating  to  coal  tipples. 
The  latter  term,  as  properly  used,  includes  both  the  "tipple"- 
proper  or  dumping  part  of  the  structure  as  well  as  the  "head 
frame"  or  "tower"  immediately  over  the  shaft  and  supporting  the 
hoisting-rope  sheaves. 

Up  to  the  time  mentioned,  about  ten  years  ago,  steel  had  not 
been  seriously  considered  by  western  coal  operators  for  several 
reasons.  It  was  expensive  as  compared  with  wood,  both  on  account 
of  the  structure  itself,  and  on  account  of  good  foundations  required. 
Tipples  built  of  wood  frequently  have  neither  brick  nor  stone 
foundations  and  are  supported  merely  on  wood  blocks.  Further, 
it  was  thought  that  steel  would  not  be  durable,  exposed  as  such 
structures  are  to  powder  smoke  from  the  mine,  and  frequently  to 
sulphurous  gases  from  nearby  burning  "dirt"  dumps  on  the 
surface.  Then  at  that  time,  stationary  screens  were  used  and  the 
strains  the  tipple  was  subjected  to  were  light  and  easily  taken  care 
of  by  ordinary  wood  framing.  Finally  the  attention  of  the  various 
structural  building  concerns  had  not  been  directed  to  this  business. 

About  the  time  mentioned,  the  Spring  Valley  Coal  Company,  of 
Illinois,  had  a  serious  fire.  Their  No.  i  shaft  tipple  burned  and 
the  brands  falling  into  the  shaft  set  fire  to  the  curbing  of  the  shaft 
and  adjacent  entries.  The  shaft  caved  in,  and  the  company  was 
put  to  heavy  expense  to  sink  another  and  to  recover  the  mine. 
They  concluded  to  put  up  a  steel  tipple  and  be  safe  from  possible 
repetition  of  this  loss.  The  tipple  was  designed  and  built  by 
Tittsburg  (Pa.)  parties  and  was,  the  writer  thinks,  the  first  steel 
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coal  mine  tipple  built  west  of  Pennsylvania.  About  the  same  time 
there  bej^an  to  be  a  demand  in  some  of  the  markets  for  better 
screened  coal  than  furnished  by  the  straight  bar  screens  then  in  use. 
Some  of  the  companies  experimented  successfully  with  the  use  of 
shaking  screens,  and  this  improvement  received  a  decided  impetus 
a  year  or  two  later  in  Illinois,  from  the  agreement  forced  on  the 
operators  by  the  miners  requiring  payment  to  be  made  on  the  basis 
of  run-of-mine  coal,  instead  of  on  the  basis  of  "  screened  lump  " 
over  a  certain  specified  bar  screen. 


Kh.H  .\11.NK,  luWA.-  TIPPLE  Ol-  ILLINOIS  .v  luWA   11  KL  Cii.MPA.W. 
Example  of  substantial  wood  construction;    side  hoist;  flat  floor;  stationary  bar- 
screens;  dirt  trestle  at  left. 

The  strains  set  up  by  a  long  shak  n:^  screen  30  to  50  feet  long 
are  out  of  all  proportion  to  the  amount  of  power  required  to  drive 
the  screen  particularly  with  the  more  or  less  clumsv  and  unbal- 
anced screens  first  used.  Shaking  screens  are  now  usually  divided 
into  secticns  of  as  nearly  equal  weight  as  possible,  driven  by  pairs 
of  eccentrics  on  the  same  shafting  1 80  degrees  apart.  The  weights 
are  not  great, — two  to  three  tons  for  each  section  empty  and  as 
much  again  when  loaded,-  but  as  the  screens  have  a  stroke  of 
four,  five  or  six  inches,  and  make  respectively  140,  125  or  1 10 
double  strokes  per  minute,  according  to  the  design,  the  pull  and 
thrust  at  either  end  of  the  stroke  is  considerable.  It  is  chiefly  the 
shifting  load  of  coal  that  makes  it  impossible  to  more  than  parti- 
ally balance  the  pull  and  thrust  of  the  eccentrics. 

The  wooden  frames  first  in  use,  from  which  the  shaking  screens 
were  hung,  generally  proved  quite  inadequate  to  transfer  the  strain 
to  the  foundations.  The  same  was  true  of  the  first  steel  frames, 
for  the  structural  builders  did  not  appreciate  the  effect  of  the  lively 
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shaking,  and  in  the  case  of  one  light  steel  structure  erected  in  In- 
diana, the  screens  are  said  to  have  "  kicked  the  legs  off  the  main 
tower  frame  "  in  a  very  short  time.  The  difficulties  that  often 
surround  the  designing  of  shaking  screen  frames  are  exemplified  by 
the  writer's  first  experience  with  them  about  eight  years  ago  at  the" 
Ladd  Mine  in  Illinois.  Here  a  stationary  bar  screen  had  to  be 
taken  out  and  a  shaking  screen  put  in  its  place.  The  screens  were 
to  extend  over  three  railroad  tracks,  at  a  height  sufficient  to  clear 
railroad  coal  cars,  and  also  to  load  cars  on  a  fourth  track,  with  no 
opportunity  for  foundations,  except  for  small  post  piers,  nor  chance 
to  insert  diagonal  bracing,  except  in  the  space  between  the  first  track 
and  the  main  shaft,  a  distance  of  eight  feet.  The  shafting  driving 
the  eccentrics  was  in  this  case  about  20  feet  above  the  ground,  so  it 
was  manifestly  not  advisable  with  only  an  8  foot  base  to  use  wood, 
besides  which  it  was  necessary  to  have  the  frame  all  up  and  ready 
before  taking  out  the  bar  screens,  so  it  was  found  advantageous  to  use- 
long  15-inch  I-beams,  running  through  the  existing  wood  structure', 


CLEVELAMD  (IOWA)  No.  4— TIPPLE  OF  WHITEBREAST  FUEL  CO.  OF  ILLINOIS. 

Example  of  tipple  with  side  hoist,   and  flat  floor.     Coal  passes  over  bar-screen 

into  weijih-hopper  (miners  paid  on  lump  coal  basis),  thence  all  coal  passes 

on    to    shaking  screens  for  rescreening,  and  loading  on  four 

tracks.      This  tipple  is  arran<^ed  for  a  side  hill  location. 

from  which  to  hang  the  screens.  Each  of  the  two  I-beams  was 
supported  by  a  post  at  the  outer  end,  and  at  the  inner  end  each  was 
attached  to  a  triangular  frame  which  carried  a  boxing  for  the  shaft- 
ing. These  triangular  frames  were  braced  together  laterally  and 
had  substantial  though  contracted  stone  foundations.  While  the 
above  described  frames  were  somewhat  elastic,  thev  were  efficient 
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and  are  still  in  use,  though  the  oki  wooden  head  frame  and  tipple 
have  since  been  replaced  by  steel. 

Early  in  1898  the  writer  designed  a  steel  tipple  for  the  Cleve- 
land (Iowa)  No.  4  Mine  erected  the  following  spring,  and  which 
was  the  first  departure  from  wood  in  Iowa.*  Also  a  tipple  for  Car- 
diff (Illinois)  No.  i  shaft  was  designed  about  the  same  time.  The 
latter  tipple  was  the  second  built  of  steel  in  Illinois.  Since  then, 
especially  in  the  last  two  years,  steel  tipples  have  multiplied  rapidly 
in  Illinois  and  the  adjoining  states,  not  to  speak  of  the  large  number 
built  in  the  eastern  coal  fields.  During  this  period,  the  companies 
with  which  the  writer  is  concerned  have  built  three  more  of  steel. 

It  is  an  interesting  feature,  and  at  first  sight  a  peculiar  one,  that 
none  of  the  five  structures  built  by  the  companies  with  which  the 
writer  is  connected  have  been  duplicates,  or  in  fact  resembled  one 
another  ;  nor  has  this  been  altogether  a  process  of  evolution.  The 
question  is  frequently  asked  by  structural  builders  why  is  there 
such  a  lack  of  standardization,  or  in  fact,  anything  like  uniformity 
of  apparatus  in  soft  coal  mining.  They  say — coal  is  coal,  why  can 
it  not  be  handled  in  the  same  kind  of  mine  cars  running  on  tracks 
of  some  standard  gauge,  and  why  cannot  screens  be  made  alike  and 
the  coal  receive  uniform  sizing  like  anthracite  .''  While  not  defend- 
ing the  present  entire  lack  of  system,  the  writer  will  point  out  some 
of  the  present  obstacles  to  obtaining  uniformity. 

First,  the  great  variety  of  mining  conditions  met  with ;  for  ex- 
ample, in  the  State  of  Illinois  the  veins  worked  vary  from  the  three 
foot  "Wilmington  "  or  "  Third  Vein  "  in  the  north  part  of  the  state, 
to  the  nine  foot  veins  in  the  south  part  of  the  state.  The  former  are 
worked  by  the  "long- wall  system  ;"  the  thicker  veins  by  the  "room- 
and-pillar  system."  The  roof  at  one  locality  may  easily  be  "brushed" 
— that  is,  taken  down  to  make  head  room  where  necessary,  while 
in  another  locality  it  is  too  hard,  or  else  it  is  not  advisable  to  brush 
it,  necessitating  low  pit  cars.  Some  roofs  stand  better  when  the 
"entries"  are  narrow,  requiring  narrow  pit  cars.  In  other  cases 
the  vein  lays  very  hilly,  that  is,  up  and  down  and  small  cars  are 
required.  In  general,  the  effort  of  the  advanced  practice  of  the 
day  is  to  make  the  pit  cars  as  large  as  the  local  mining  conditions 
permit,  up  to  a  capacity  of  two  and  one-half  (2I/2)  to  three  and 
one-half  (33^)  tons.  However,  the  latter  limit  is  considered  debat- 
able. Usually  the  limit  is  set  by  the  natural  grade  of  the  mine 
tracks.  To  generalize,  the  limit  of  size  in  any  mine  is  the  largest 
car  that  can  be  pulled  out  of  a  room  with  the  steepest  normal  grade 
of  that  mine,  by  the  largest  mule  that  the  height  of  the  room  road 
will  allow  to  enter.  On  the  more  permanent  main  roailways.  me- 
chanical haulage,  either  rope  or  electrical,  can  take  charge  of  the 
most  difficult  conditions  that  can  be  fount). 


*See  illustration  on  iirevioiis  page. 
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It  is  evident  from  the  foregoing  that  a  uniformity  of  car  bodies 
cannot  be  expected  throughout  such  a  state  as  IlHnois  for  instance, 
but  there  might  be  uniformity  in  each  district. 

As  to  the  gauge  of  track,  some  standardizing  might  be  done  to 
advantage.  Pit  car  gauges  run  from  26  inches  to  42  inches  and 
embrace  every  size  between  these  hmits.  With  the  smaller  gauges, 
up  to  34  inches,  the  practice  is  to  use  small  wheels  fixed  to  the 
axles  and  outside  boxes  like  railroad  car  trucks,  the  body  of  the  car 
over-hanging  the  wheels.  With  the  wider  gauges  the  car  body  sets 
directly  on  the  axles  between  the  wheels,  so  that  larger  wheels  can 
be  used.  The  latter  usually  turn  on  the  axle,  and  are  termed  "loose" 
wheels.  The  majority  of  pit  cars,  particularly  the  large  ones,  are 
of  this  second  type.  While  it  would  be  a  slight  advantage  to  have 
a  standard  gauge,  this  is  relatively  unimportant  in  the  planning  of 
the  tipple  structure,  as  compared  with  standardizing  the  size  of  the 
cars.  But  as  stated,  the  latter  condition  is  well  nigh  impossible  to 
obtain,  except  in  each  mining  district  of  uniform  mining  conditions. 

Another  feature  of  the  physical  characteristics  of  mines  that  has 
an  important  bearing  in  the  general  design  of  the  tipple  structure, 
is  whether  or  not  the  roof  is  of  such  nature  that  surplus  rock  must 
be  hoisted  and  dumped.  In  the  long-wall  mines  of  the  north  part 
of  the  state,  for  every  four  or  five  cars  of  coal,  a  car  of  rock  refuse 
must  be  hoisted  and  disposed  of.  In  the  thin  vein  room-and-pillar 
mines  there  is  much  less  to  hoist,  and  in  the  thick  veins  none  at  all, 
since  if  any  is  produced,  there  is  ample  room  to  store  it  below 
ground. 

In  the  matter  of  screens  the  practice  is  very  varied.  Some  have 
bar  screens  only ;  others,  bar  screens  for  lump  coal  and  shaking 
screens  for  Q.gg,  nut  and  pea  coal.  Revolving  screens,  so  much 
used  formerly  for  this  purpose,  have  generally  been  discarded.  The 
majority  of  operators  are  now  putting  in  shaking  screens  for  all  sizes 
of  coal  when  building  new  tipples. 

As  regards  the  details  of  the  screens,  they  may  be  made  single 
deck  or  double  deck,  and  hung  by  pendulating  rods  or  mounted  on 
wheels.  In  this  direction  standardization  would  be  useful  to  build- 
ers, but  its  present  practicability  may  be  doubted,  when  taking  into 
account  the  variety  of  coals  which  may  be  of  hard  or  soft  nature. 
Then  the  purpose  for  which  the  coal  is  to  be  used,  must  be  taken 
into  account  whether  for  locomotives,  stationary  practice,  or  do- 
mestic use  ;  also  if  it  be  "  stocked  "  or  used  immediately.  All  these 
have  a  bearing,  so  it  must  be  admitted  that  standardizing  in  any 
direction  is  not  as  easy  as  might  first  appear. 

We  will  now  attempt  a  general  classification  of  tipples,  which 
will  apply  to  those  of  either  wood  or  steel  construction.  The 
greatest  difTerence   obtains  from   the   style   of    cage   used.     Two 
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general  classes  are  formed  by  the  use  in  one,  of  the  self-dumping 
cage,  and  in  the  other,  of  the  rigid  cage. 

A  self-dumping  cage  is  one  in  which  the  platform  of  the  cage  is 
hinged.  The  hinge  or  axle  is  below  the  platform  ;  in  some  it  is  at 
the  center;  in  others  it  is  a  little  off  center.  The  car  is  held  on 
the  platform  bv  clamps  of  various  form.  When  the  cage,  in  hoist- 
ing, nears  the  point  of  tipping,  a  roller  on  the  side  of  the  platform 
enters  a  curved  channel  track  which  tips  the  platform  and  its  car, 
causing  the  latter  to  dump  its  load.  At  a  large  majority  of  the 
mines  in  the  middle  and  south  part  of  Illinois  and  also  in  Indiana 
these  self-dumpers  are  used.  A  subdivision  of  the  self-dumper  is 
the  hopper  cage,  in  which  the  hopper  tips  in  similar  fashion  to  the 
tipping  platform  of  the  self-dumper.  Coal  is  dumped  into  the 
hopper,  when  at  the  bottom  of  the  mine  shaft,  either  directly  from 
pit  cars  or,  in  one  example  in  this  state,  from  self-discharging  bins. 


BIG  MUDDY  No.  8.  -BIG  MUDDY  MILLING  AND  MINING  Cl)MPANY. 

Example  of  tipple  with  side  hoist  for  self-dumping  cages.     Weigh-hopper  arranged 

for  dumping  on  either  side  of   two  sets  of  railroad  tracks,     t'oal 

screened  over  shaking  screens. 

The  hopper  cage  is  like  the  skip  of  the  copper  and  iron  region, 
and  while  its  mechanical  simplicity  recommends  it,  any  dumping  of 
soft  coal  breaks  it  up  more  or  less,  and  the  use  of  the  hopper  cage 
makes  two  dumpings,  as  against  one  where  the  pit-car  is  brought 
to  the  top.     There   is  another  objection  ;  it   cannot  be  useil   for 
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hoisting  and  lowering  men,  but  the  former  reason  is  the  most 
weighty  one  in  this  part  of  the  country,  where  the  largest  percent- 
age of  lump  coal  obtainable  is  desired.  At  present  there  is  but 
one  example  of  the  hopper  cage  in  Illinois. 

The  plain  or  rigid  cages  are  the  older  style  and  while  used  in 
most  of  the  very  small  plants,  they  are  also  used  in  some  of  the 
largest  and  most  modern  plants.  Other  things  being  equal,  and 
provided  there  is  plenty  of  "elbow  room  "  on  the  "upper  landing," 
the  plain  cage  allows  a  larger  dumping  capacity  than  the  self- 
dumper.  There  are  several  reasons  for  this.  First,  the  self-dumper 
does  not  always  dump  the  coal  out  of  the  pit-car  thoroughly,  par- 
ticularly if  the  coal  is  wet,  thus  causing  a  delay  until  it  is  cleared 
out.  Second,  any  delays  in  shifting  railroad  cars  or  in  changing 
the  flaps  of  screens  above  ground,  or  delay  below  ground,  from  a 
temporary  lack  of  loaded  pit  cars  at  the  shaft  bottom,  stops  hoisting. 
If  the  mining  conditions  are  such  that  rock  refuse  has  to  be  hoisted 
and  dumped,  the  cage  has  to  dump  to  the  opposite  side  or  else 
under  certain  other  arrangements,  flaps  in  weigh  hopper  or  chutes 
must  be  shifted,  causing  a  slight  delay.  On  the  other  hand,  with 
the  plain  cage,  if  dumping  ceases  a  minute  or  two,  hoisting  may 
still  continue,  or  if  hoisting  stops  from  lack  of  loaded  pit  cars 
below,  dumping  can  continue  until  the  supply  on  the  tipple  is 
exhausted.  Further,  the  hoisting  of  a  rock  car  causes  no  addi- 
tional delay.  These  little  savings  in  time  amount  to  considerable 
in  the  course  of  a  day.  Moreover,  the  self-dumper  is  much  more 
liable  to  disarrangement,  particularly  with  deep  hoists ;  and  pit  cars 
are  very  apt  to  jerk  loose  when  the  platform  tips  and  to  lodge  in 
the  chute.  Nevertheless,  the  writer  thinks  that  for  shafts  not  over 
300  feet  deep,  with  large  pit  cars  and  no  refuse  rock  to  hoist,  the 
self-dumper  is  both  cheaper  to  install  and  cheaper  to  operate,  and 
as  large  a  capacity  can  be  obtained  as  desirable  to  try  for,  in  any 
one  shaft,  viz. :  2200  to  2400  tons  per  day  of  eight  hours. 

The  rigid  cages  may  be  classified  as  follows : 

I  St,  Single  Deck, 

2d,  Double  Deck, 

3d,  Single  Deck  with  two  cars  side  by  side, 

4th,  Single  Deck  with  two  cars  end  to  end. 
The  foregoing  are  grouped  in  the  order  of  their  capacity  for 
handling  coal.  The  first  is  the  oldest  form,  and  is  still  the  most 
commonly  used  of  all  styles  of  cages.  The  second — the  double 
deck  cage — is  used  at  only  three  or  four  coal  mines  in  the  middle 
west,  all  in  northern  Illinois.  The  third,  single  deck  with  two  cars 
side  by  side,  is  used  abroad  more  or  less.  It  was  figured  on  for  a  cer- 
tain mine  near  Pittsburg,  Kansas,  but  not  installed,  and  it  is  not  in  use 
anywhere  in  the  west,  to  the  knowledge  of  the  writer.     It  is  cer- 
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tainly  very  inferior  to  the  fourth  plan  sin<;ie  deck  with  cars  end 
and  end.  The  latter  plan  is  in  use  at  but  one  mine  in  northern 
Illinois,  but  is  now  being  installed  at  another  plant  in  the  same 
district. 

As  some  members  of  the  society  may  not  be  familiar  with  the 
details  of  coal  mining,  it  may  be  well  at  this  point  to  explain  that, 
unlike  metal  mining,  coal  shafts  of  any  importance  are  always 
arranged  with  two  hoisting  compartments  ;  the  hoisting  engines 
have  either  one  winding  drum  or,  what  is  the  same  in  effect,  two 
on  the  same  shafting,  the  cages  being  hung  in  balance,  so  that, 
when  one  is  at  the  top  the  other  is  below.  This  is  the  arrange- 
ment, whether  rigid  cages  are  used  or  self-dumpers. 

The  arrangements  for  receiving  and  dumping  the  pit-cars  hoisted 
and  delivered  at  the  dumping  floor  of  the  tipple  are  various,  but  as 


HILTON  MINE,  IOWA.— TIPPLK  OF  WHITEBRE.-VST  FUEL  COMPANY  OF  ILLINOIS. 

Example  of  tipple  with  side  hoist  and  flat  floor;  cars  pushed  around  by  hand;  sta- 
tionary bar-screens.     Type  much  used  in  Iowa  and  Southwest. 


they  also  have  an  important  bearing  on  the  general  design  of  the 
tipple  structure,  some  description  of  the  principal  styles  will  be 
given,  premising  that  all  make  use  of  a  system  of  tracks  for  the 
pit-cars  to  run  on. 

First,  that  in  which  the  tipple  or  dump  building  has  a  level  floor. 
The  loaded  pit-cars  are  run  off  the  cage  by  hand,  and  are  pushed 
to  the  tipping  point.  After  dumping,  the  car  is  shoved  back  onto 
the  cage,  or  in  the  better  type  of  tipples  of  this  pattern  the  empty 
car  is  pushed  around  the  shaft,  and  when  the  next  cage  arrives  at 
the  top  with  its  load,  the  empty  car  is  pushed  against  the  loaded 
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car,  shoving-  the  latter  off  the  cage  and  replacing  it.  In  the  more 
improved  tipples,  through  the  aid  of  certain  devices,  the  loaded  car 
is  helped  off  the  cage  by  a  slight  and  momentary  tipping  of  the 
rails  of  the  cage.  This  first  style  of  tipple,  with  and  without  the 
modifications  mentioned,  is  the  prevailing  one  in  Iowa,  Missouri 
and  Kansas ;  at  its  best  it  has  a  capacity  of  i,ooo  to  1,200  tons  of 
coal  per  day  of  eight  hours  with  pit-cars  of  fair  size  ;  that  is  to  say, 
holding  2,400  and  2,600  pounds,  and  the  shaft  not  over  300  feet 
deep.  Such  a  capacity  would  require  five  or  six  men  on  the 
dumping  floor  in  addition  to  the  weighman  and  those  employed  on 
the  railroad  cars.  If  a  considerable  quantity  of  rock  had  to  be 
handled  it  might  require  a  couple  of  more  men  to  obtain  the  ton- 
nage mentioned.  Double-deck  cages  for  this  form  of  dump  build- 
ing would  not  be  of  advantage,  as  the  pit-cars  could  not  be  handled 


CARDIFF  No.  2.— TIPPLE  OF  CARDIFF  COAL  CO.MPANY. 

Example  of  tipple  and  tower  with  end  hoist;  with  floor  arranged  with   favoring 

grades;  with  chain  car-haul  for  raising  and  bringing  empties  back  to  shaft; 

with  three  Phillips  cross-over  car-tips  for  lower  vein,  for  upper  vein 

and  for  dirt  and  wagon  chute;   two  sets  shaking  screens;  double 

deck  cage.     Incline  trestle  at  right  of  picture  for  refuse 

rock.     See  plan  on  next  page. 

fast  enough  to  cause  a  gain  ;  that  is,  the  hoisting  capacity  would  be 
in  excess  of  the  dumping  capacity. 

Second  Style,  that  in  which  the  dump  building  has  a  floor 
arranged  to  give  certain  grades  to  the  tracks.  By  which  the  pit-car 
runs  by  gravity  to  a  cross-over  tipple  ("  Mitchell"  or  "  Phillips"); 
there,  after  dumping  its  load,  it  is  righted,  and  the  next  car  follow- 
ing automatically  opens  the  locking  horns  long  enough  to  let  the 
now  empty  car  through.  The  horns  then  spring  back  and  catch 
the  incoming  loaded  car.  The  empty  car  runs  down  a  short  incline 
through  a  spring  switch  and  up  a  short  steep  incline,  which  reverses 
the  direction  and   turns  the  car  into  a  track  which  has  a  down 
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grade  to  a  point  back  of  the  shaft.  The  car  here  runs  on  to  a 
transfer  platform  by  which  it  is  carried  sidevvise  up  an  inchne 
bringing  it  in  hne  with  one  compartment  of  the  shaft.  When  the 
next  loaded  car  has  been  brought  up  by  the  cage,  a  steam  ram 
("The  Ramsey  Cager  ")  pushes  the  empty  car  against  the  loaded 
car,  shoving  the  latter  off  and  leaving  the  empty  car  on  the  cage 
ready  to  be  lowered  into  the  mine.  There  is  a  duplicate  arrange- 
ment for  each  of  the  two  compartments  of  the  shaft.  The  several 
plants  of  the  Spring  Valley  Coal  Company  are  arranged  in  this 
way. 

A  variation  in  this  plan  is  obtained  by  the  use  of  an  automatic 
chain  car-haul  to  carry  the  pit-car  up  to  the  proper  level  for  run- 
ning the  car  on  the  cage  ;  with  this  arrangement  the  grade  back  of 
the  shaft  can  be  made  steep  so  that  the  steam  ram  is  not  needed. 
This  is  the  plan  worked  out  by  the  writer  for  Cardiff  No.  2  tipple 
where  double-deck  cages  are  employed.* 

In  this  second  style,  with  a  shaft  not  over  200  feet  deep,  pit-cars 
holding  one  ton  or  more,  and  using  single-deck  cages  with  one  car, 
there  is  no  difficulty  in  obtaining  a  capacity  of  1,400  tons  in  eight 
hours;  with  pit -cars  holding  i  3^  to  2  tons,  1,600  tons  capacity  can 
be  obtained.  When  shafts  are  more  than  200  feet  deep,  to  obtain 
a  large  tonnage  it  is  advisable  to  hoist  two  cars  at  one  time.  This 
may  be  accomplished  with  double-deck  cages,  with  the  use  of 
which  the  time  gained  over  single  decks  is  the  difference  between 
hoisting  six  or  seven  feet  (the  distance  between  decks)  and  in 
hoisting  several  hundred  feet  or  more,  the  depth  of  the  shaft. 
With  cars  holding  i  ^  tons  of  coal  in  shafts  not  over  200  or  300 
feet  deep  the  double  deck  cage,  with  either  of  the  arrangements 
spoken  of,  should  hoist  as  much  as  2,000  tons  in  eight  hours,  and 
with  cars  holding  2)4  tons,  2,400  tons  per  day  should  be  obtained. 
As  already  mentioned,  there  is  material  advantage  in  having  the 
two  cars  on  one  deck  of  the  cage,  as  this  saves  at  least  three  or 
four  seconds  needed  to  change  decks  in  using  the  double-deck 
cage.  With  that  arrangement,  the  writer  thinks  that  from  2,200 
to  2,400  tons  can  be  obtained  with  cars  holding  i  yi  tons,  and  a 
larger  amount  with  larger  cars.  It  need  hardly  be  stated  that  two 
cars  on  one  deck  require  the  shaft  to  be  of  nearly  double  size  and 
owing  to  the  timbering,  more  than  double  the  cost.  It  is  self- 
evident  that  with  any  arrangement  capacities  are  reduced  by  the 
increased  depths  of  shafts.  Further,  whatever  surplus  rock  has 
to  be  hoisted  on  the  day  shift  reduces  the  net  tonnage  of  the  coal 
that  much.  For  example,  the  Spring  Valley  Coal  Company  at  its 
several  plants  hoists  all  refuse  rock  on  the  same  shift  that  the  coal 
is  hoisted.  Their  cars  hold  about  i  ^  tons  of  coal,  and  they  get 
a  net  output  at  their   No.  i    mine,  where  they  have  double-deck 

*  See  illustrations  on  pages  351  and  352. 
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cages  of  1,300  to  1,400  tons  per  day,  of  eight  hours,  which  with 
the  rock  is  equivalent  to  1,600  to  1,700  tons,  and  this  is  hoisted 
from  a  depth  of  nearly  500  feet.  Spring  Valley  No.  5,*  the  plant 
at  which  two  cars  are  hoisted  on  one  deck,  has  not  yet  reached 
sufficient  capacity  below  ground  to  test  the  hoisting  and  dumping 
capacity. 

r->The  capacities  mentioned  may  not,  to  some,  appear  to  be  large 
as  compared  with  the  tonnage  produced  in  the  mines  of  central 
and  southern  Illinois,  with  the  simpler  self-dumper  equipment.  It 
must  be  noted,  however,  that  the  conditions  are  more  favorable  in  the 
latter  fields.     The  pit-cars  there  used  hold  from  2  i/_.  to  3  y^  tons,  and 
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SPRING  VALLEY  No.  5  OF  SPRING  VALLEY  COAL  COMPANY. 

Example  of  tipple  and  tower  with  end  hoist;   floor  arranged  with  favoring  grades; 

Ramsey  transfer  tables  with  steam  ram;  stationary  bar-screens;   two 

cars  hoisted  on  same  deck  of  cage,  end-and-end. 

This  picture  exhibited  through  courtesy  Mr.  of  S.  ^^  Dalzell. 

the  depth  from  which  the  coal  is  hoisted  is  generally  less  than  300 
feet,  and  in  some  of  the  largest  mines  not  over  150  feet,  and  with 
no  refuse  rock  to  hoist  and  dump.  Regular  daily  outputs  of  1,600 
to  1,800  tons  per  day  of  eight  hours  are  obtained  by  a  number  of 
mines,  which  on  spurts  are  run  up  to  considerably  over  2,000  tons. 


*This  was  the  plant  visited  by  tiie  Western  Society  of  Engineers,  October  stii,  igoi, 
on  the  excursion  to  Deer  I'ark. 
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It  has  been  the  common  practice  to  design  wood  tipples  without 
going  very  fully  into  details  of  its  later  use.  It  was  much  the  same 
way  with  the  first  steel  tipples,  and  insufficient  strength  was  allowed 
in  the  early  structures  for  adequate  stiffness,  and  this  caused  some- 
thing of  a  prejudice  in  the  minds  of  some  coal  operators  against 
the  use  of  steel.  Now,  the  necessity  of  more  weight  in  the  indi-- 
vidual  pieces  than  is  strictly  called  for  by  the  strain  sheet,  is  appar- 
ent to  most  builders.  As  shaking  screens  are  bound  to  cause 
some  vibration  in  their  supporting  frame  unless  the  latter  has  ex- 
cessive weight,  it  is  now  the  usual  practice  to  not  connect  this 
frame  to  the  main  building.  The  railroad  track  scale  beams,  also 
the  weigh-hopper  scale  beams,  are  customarily  placed  up  in  a  weigh- 
room  on  the  tipple  floor  of  the  main  building  ;  and  any  considerable- 
vibration  interferes  with  accurate  weighing.  This  is  the  main  reason 
why  it  is  inadvisable  to  connect  the  frame  with  the  tipple  building. 
While  the  dumping  of  the  cars  is  also  apt  to  make  some  shake,  it  is 
not  continuous  as  with  shaking  screens. 

The  greatest  working  strain  thrown  on  the  structure  is  in  hoist- 
ing cages.  The  latter  with  their  load  and  the  hoisting  rope,  weigh 
from  two  to  four  tons  for  the  simpler  kinds,  and  from  six  to  eight 
tons  for  cages  holding  two  cars.  The  hoisting  engines  are  usually 
made  with  a  considerable  surplus  of  power,  so  that  in  starting  to 
hoist,  they  are  apt  to  pick  up  the  cage  with  a  jerk.  In  this  way 
the  strain  may  be  increased  from  two  to  three  times  the  dead  load. 
Another  great  strain  that  may  be  thrown  on  the  tower  structure  in 
using  rigid  cages,  comes  from  the  pound  of  the  cages  as  they  land 
on  the  "  rests  "  at  the  floor  level.  This  may  be  very  heavy  with 
double-deck  cages,  if  the  engineer  is  not  very  careful,  and  this  con- 
tingency must  be  allowed  for.  In  the  case  of  self-dumping  cages  the 
pound  is  avoided.  On  the  other  hand,  with  the  latter  there  is  consider- 
able horizontal  strain  due  to  the  reaction  in  quick  tipping  and  dump- 
ing which  must  be  taken  care  of.  The  most  difficult  problem  in  each 
case  is  to  take  care  of  the  horizontal  strain  produced  by  hoisting. 
The  hoisting  engine  is  usually  placed  somewhat  away  from  the  shaft 
so  that  the  rope  makes  an  inclination  from  the  horizontal  of  from 
25  to  75  degrees,  depending  on  the  idea  of  the  party  laying  out  the 
plan.  The  writer's  view  of  this  is  that  the  hoisting  engine  should 
be  placed  a  considerable  distance  away  from  the  shaft,  not  only 
with  a  view  to  safety  from  any  fire  originating  in  the  mine  and 
coming  up  the  shaft,  and  also  to  be  away  from  any  settlement 
of  the  surface  about  the  shaft  (unless  the  foundations  can  go  to 
rock),  but  chiefly  because  it  is  less  trying  on  the  hoisting  rope. 
The  latter  is  on  two  accounts:  when  the  rope  is  inclined  so  that  it 
sags  slightly,  there  is  a  certain  amount  of  elasticity  due  to  this. 
The  limiting  inclination  is  that  at  which  the  rope  does  not  require 
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rollers  for  its  support.  The  writer  has  found  tliat  an  inclination  of 
about  40  degrees  from  tlie  horizontal  is  usually  about  right.  The 
other  reason  for  a  considerable  distance  of  engine  from  the  shaft  is 
to  lessen  the  angularity  of  "  wind  "  on  the  drum  ;  with  a  deep  shaft 
there  is  necessarily  a  wide  drum.  In  such  a  case  it  becomes  a  mat- 
ter of  necessity  to  have  ample  distance. 

With  wooden  tipples  it  is  customary  to  run  the  "  engine  brace  " 
from  the  engine  foundation  to  the  frame  carrying  the  sheaves.  In 
hoisting,  the  resultant  of  the  strain  bisects  the  angle  which  the 
vertical  part  of  the  rope  makes  with  that  part  running  to  the  engine. 
In  an  extreme  case,  produced  by  an  over-wind  where  the  detaching 
hook  is  not  used,  or  by  any  other  kind  of  accident  where  the  cage 
is  lodged  in  the  upper  part  of  the  tower,  the  line  of  the  resultant 
would  be  almost  directly  along  the  hoisting  rope  from  the  sheave 
to  the  engine  drum.  The  engine  brace  then  takes  practically  the 
whole  strain  and,  if  strong  enough,  prevents  the  over-turning  of  the 
tower.  Some  of  the  present  steel  tipples  have  the  engine  brace 
from  the  sheaves  to  the  engine  foundation ;  in  others  it  follows  the 
line  of  the  resultant.  In  many  the  engine  brace  is  not  designed 
strong  enough  to  break  the  hoisting  rope  before  yielding.  Although 
the  writer  always  advises  the  use  of  detaching  hooks,  to  allow  for 
any  possible  chance  of  their  not  working,  he  assumes  double  the 
breaking  strength  of  the  rope  in  figuring  the  ultimate  strength  of 
the  structure. 

With  wood  structures  that  are  not  tied  down  to  heavy  founda- 
tions, it  is  necessary  that  the  resultant  should  fall  between  the  en- 
gine brace  and  the  tower ;  in  other  words,  within  the  base,  but  this 
is  not  the  case  with  steel  structures.  The  writer,  accustomed  to 
design  wood  structures,  did  not  at  first  come  to  the  full  realization 
of  the  difference  in  material,  but  tended,  in  his  first  steel  structures, 
to  follow  the  lines  of  wood  designing.  This  has  evidently  been  the 
case  with  other  engineers  from  inspection  of  the  structures  that 
have  been  built.  Latterly,  the  writer  has  so  far  got  away  from  this 
feeling  as  to  have  accepted  in  the  Cardiff  No.  2  tipple,  a  very  novel 
design  of  our  fellow  member,  Mr.  Andrews  Allen,  who  submitted 
this  design  as  a  substitute  for  the  one  proposed  by  the  writer,  which 
followed  more  conventional  lines.  This  Cardiff  No.  2  tipple  is 
shown  by  the  accompanying  photographs.  The  tower  proper  it  will 
be  observed  has  an  "A"  shaped  frame,  symmetrical  with  reference 
to  the  center  line  of  the  shaft  (see  frontispiece.)  When  the 
full  strength  of  the  tower  is  developed  it  is  necessary  to  depend  on 
the  weight  of  the  foundation  under  the  back  legs ;  that  is  to  say, 
those  further  away  from  the  engine,  to  prevent  over-turning.  This 
is  properly  allowed  for  in  the  design  of  the  foundation.  The  tower 
proves  very  stiff  in  operation  and  there  is  no  vibation  in  hoisting 
and  lowering  the  cages. 
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A  considerable  variation  in  tipple  structures  is  produced,  accord- 
ing to  whether  the  engine  is  placed  directly  behind  the  shaft,  in 
which  case  the  sheave  wheels  are  side  by  side,  or  whether  the 
engine  is  placed  at  the  end  of  the  shaft,  in  which  case  the  sheaves 
are  either  one  above  the  other,  as  in  the  Cardiff  No.  2  mine,  or 
are  placed  lapping  and  making  a  slight  angle  with  the  vertical 
plane  through  the  middle  of  the  shaft,  as  in  the  Dunfermline  tipple, 
also  shown  in  an  accompanying  photograph. 

The  relative  merits  of  the  several  possible  locations  of  sheaves 
and  engine  is  a  matter  of  controversy,  though  all  agree  that  it  is 
advisable  to  place  the  engine  house  near  or  adjoining  the  boiler 
house.     The  majority  of  builders  place  the  engine   back  of  the 
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Example  of  tipple  with  end   hoist   for    self-dumping   cage;    with    weigh-hopper; 

stationary  lump-bar-screens;  screenings  hoisted  by  elevator  for 

rescreening  over  shaking  screens. 

shaft,  i.  e.,  at  the  side,  because  it  is  simpler  to  construct  the  head 
frame  in  that  way.  The  writer  prefers  to  place  the  boiler  house 
along  side  of  the  railroad  track,  (so  that  coal  for  the  boilers  can  be  un- 
loaded from  the  cars  direct  into  the  boiler  house,  when  desired,)  and 
to  place  the  engine  house  close  by,  thus  requiring  "end  hoisting." 

In  the  matter  of  details  for  the  steel  structure,  the  writer  has 
these  suggestions  to  offer  : 

First,  built  up  pieces  should  be  as  simple  and  compact  as  possi- 
ble. All  lattice  work  to  be  avoided.  The  cross  section  of  the 
members  should  be  such  that  they  can  readily  be  painted  on  al 
surfaces.  Angles  or  other  pieces  constituting  a  member  should  b 
offset,  where  necessary,  to  avoid  small  spaces,  or  else  fillers  used 
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Second,  rod  braces  should  not  be  used.  All  light  braces  should 
be  angle  bars. 

Third,  angles,  plates  and  webs  of  any  shapes  should  not  be  less 
than  5-16  of  an  inch  thick,  regardless  of  how  light  the  strain 
may  be. 

Fourth,  all  main  parts  of  the  tower  should  be  kept  as  far  back 
from  the  shaft  as  possible,  in  view  of  a  possible  fire  originating  in 
the  mine,  also  to  keep  the  foundations  away  from  the  shaft. 

Fifth,  the  structure  should  be  shipped  in  as  large  riveted  sections 
as  possible,  and  field  bolts  should  be  used  in  erection  on  the  ground. 
This  sav^es  expense  in  comparison  with  field  riveting,  and  if  the 
structure  is  to  be  taken  down  in  the  future  for  moving  elsewhere, 
it  is  of  advantage.  The  writer  has  found  no  difficulty  from  the  field 
bolts  getting  loose. 

Sixth,  as  responsible  structural  building  concerns  are  in  position 
to  give  the  best  design  suited  to  their  shop,  for  the  least  money, 
provided  they  have  full  knowledge  of  the  requirements ;  it  is 
advisable  for  the  coal  operator  who  may  submit  his  own  plans  for 
bids,  to  invite  suggestions  for  improvement. 

Now  as  to  the  relative  merit  of  steel  as  compared  with  wood  con- 
struction. There  are  two  questions  usually  asked  by  prospective  build- 
ers about  the  use  of  steel.  Is  steel  durable  under  the  conditions  it  is 
subject  to  at  the  mine .'  And  is  the  greater  cost  of  the  steel  struc- 
ture justified  .^  The  writer  thinks  that  there  is  no  question  but  that 
steel  is  more  durable  than  wood.  In  this  part  of  the  country  it  has 
been  put  to  a  test  of  nearly  ten  years  without  appreciable  weakening. 
In  the  matter  of  first  cost,  whether  or  not  the  operator  is  justified 
in  employing  steel  is  more  open  to  argument  in  small  plants.  It 
may  here  be  stated  that  a  steel  tower  and  tipple  complete  will  cost, 
approximately,  double  the  cost  of  a  wood  structure.  In  some  places 
in  Iowa,  for  instance,  a  shaft  rarely  has  sufficient  field  to  last  over 
ten  or  twelve  years;  the  average  life  time  of  a  wooden  tower  is  suffi- 
cient for  this.  On  the  other  hand,  if  a  steel  structure  be  used  and 
put  together  with  bolts  there  is  a  salvage  value  which  the  wooden 
tower  will  not  have  ;  furthermore,  a  fire  which  might  originate  in  the 
wood  tower  is  liable  to  set  fire  to  and  destroy  the  mine.  In  the 
latter  event,  under  the  best  of  circumstances,  the  mine  would  be 
out  of  business  for  a  couple  of  months,  and  thus  cause  a  loss  that 
would  probably  be  far  greater  than  the  cost  of  a  steel  tower.  That 
such  fires  are  not  infrequent  can  be  seen  by  looking  over  the  State 
Mine  reports.  During  the  past  year,  several  wood  tipples  have 
burnt  in  Illinois. 

As  to  the  mines  of  large  capacity,  it  will  hardly  admit  of  argu- 
ment that  steel  should  be  employed,  and  as  seen  by  the  writer,  the 
feature  of  fire  protection  is  sufficient  to  justify  the  employment  of 
steel  in  all  shaft  tipples,  small  or  large. 
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DISCUSSION. 

Mr.  Warder — What  is  the  length  of  the  pit-car  tracks  as  shown 
in  plan  view  of  the  tipple  floor  ? 

Mr.  Rice — The  extreme  length  is  about  140  feet. 

Mr.  Liljencrant:z—WQ)\N  many  tons  a  day  do  they  handle  at  this 
mine  .-* 

Mr.  Rice — Only  about  400  to  500  tons  a  day  at  present,  as  the 
mine  is  new,  but  the  expectation  is  that  1,800  to  2,000  tons  can  be 
handled  in  eight  hours. 

Mr. J.  F.Jackson — There  was  one  point  that  came  to  me  during 
the  reading  of  the  paper,  and  that  was  that  the  hoisting  done  in  the 
iron  or  copper  country,  being  very  much  more  severe,  requires- 
larger  structures  than  those  in  the  coal  countries.  In  the  iron  and 
copper  country  the  hoisting  engines  are  put  back  about  400  feet  or 
more  from  the  shaft,  for  the  reason  that  very  large  drums  are  re- 
quired;  the  drums  are  frequently  20  feet  in  width  and  25  feet  in 
diameter.  The  angle  of  the  rope  therefore  changes  considerably^ 
and  it  is  necessary  to  go  back  far  enough  to  allow  for  that  change. 

In  the  iron  country  about  ten  years  ago  the  times  were  very  hard,, 
and  they  tried  to  get  along  with  the  fewest  possible  number  of  men.  . 
In  some  cases  there  were  only  one  or  two  on  the  head  frame,  but 
the  conditions  were  quite  dissimilar,  and  I  did  not  intend  to  make  a 
comparison  between  the  iron  and  copper  and  the  coal  countries. 
However,  I  think  possibly  a  greater  saving  could  be  made  in  the 
number  of  men  used  on  those  coal  tipples.  I  know  of  one  iron  mine 
where  a  large  tonnage  is  handled,  and  one  man  attends  to  the  whole 
thing. 

Mr.  Rice — One  essential  thing  in  soft  coal  mining  is  to  prevent 
the  breaking  of  the  coal.  The  lump  coal  is  so  much  more  valuable 
than  screenings  that  we  make  every  effort  to  prevent  breakage,  and 
that  is  the  reason  pit-cars  are  hoisted  and  dumped  on  top  rather 
than  dumped  below  into  "  skips."  Although  the  use  of  the  latter 
effects  a  slight  saving  in  the  hoisting  and  dumping  expense,  another 
objection  to  "skips"  is  that  they  are  not  available  for  raising  and 
lowering  the  miners.  In  large  mines  employing  500  to  800  men 
underground,  this  is  a  matter  of  importance. 

Mr.  Finlcy — Railroads  for  their  locomotive  use  now  require  that 
the  coal  be  broken  into  &gg  size,  and  this  is  done  at  considerable- 
cost  to  them  at  their  coaling  stations.  Suppose  a  railroad  company 
takes  the  entire  output  Cif  a  mine,  the  breakage  mentioned  by  the 
use  of  skips  would  not  be  of  importance,  since  the  railroad  wishes- 
the  coal  in  smaller  size  than  lump. 

Mr.  Rice — This  might  be  true  if  the  railroad  would  take  all  the 
product,  but  this  they  will  not  do,  and  they  do  not  want  the  screen- 
ings.    We  have  had  it  proposed  to  our  people  that  we  crush  the 
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coal  at  the  mine  before  shipping,  but  we,  as  a  commercial  company, 
could  never  see  the  point  from  our  side,  since  when  you  come  to 
break  up  the  coal  you  produce,  through  the  process  of  crushing, 
such  a  large  amount  of  fine  screenings  which  has  to  be  sold  at  the 
mine  at  one-quarter  to  one-half  the  price  of  the  lump  from  which 
it  has  been  produced. 

Mr.  Finlcy  Some  of  the  railroad  companies  have  rules  requir- 
ing that  the  coal  be  broken  up  before  loading  on  the  locomotive 
tenders.  It  seems  to  me  it  would  be  an  advantage  to  have  it 
broken  at  the  mine  rather  than  at  the  coaling  station,  in  the  case 
where  the  railroad  company  owns  the  coal  mine. 

Mr.  Rice — I  would  not  advocate  it  myself.  The  coal  in  this  part 
of  the  country  after  mining  rapidly  loses  its  strength,  and  by  ex- 
posure to  the  weather;  every  fresh  surface,  produced  by  crushing, 
gives  a  chance  for  further  weathering.  Even  under  the  circum- 
stances you  mention  it  seems  to  me  it  pays  better  for  the  railroad 
company  to  break  its  own  coal  right  at  the  bins.  The  C,  B.  &  O. 
R.  R.  Co.,  has  quite  a  good  system  for  doing  this  at  their  Gales- 
burg  coaling  bins.  They  have  a  grate  or  screen  of  heavy  fiat  bars 
set  on  edge  reaching  across  the  double  bins  at  interv^als  of  6  inches 
apart.  They  back  a  train  of  coal  cars  up  an  incline  trestle  over 
these  bins,  usually  using  bottom  dump  cars;  the  screenings  fall 
through,  and  attendants  provided  with  picks  and  sledges,  hit  the 
lumps  as  they  rest  on  the  bars,  breaking  them  up  with  a  minimum 
of  breakage,  the  pieces  dropping  through  into  the  pockets. 

Mr.  Finley — But  that  adds  to  the  cost  of  handling. 

Mr.  Rice — Yes,  but  that  additional  cost  is  very  insignificant ;  I 
am  told  the  extra  cost  is  only  about  2  cents  for  handling  the  coal 
in  that  way  up  on  top  of  the  bins.  I  think  this  covered  the  cost 
of  dumping  the  cars,  shoveling  and  breaking  it,  to  allow  passing 
through  these  bars.  It  cannot  be  done  as  cheaply  as  that  at  the 
mines  considering  the  crushing  and  rehandling,  without  taking  into 
account  the  wastage  before  mentioned. 

Mr.  Finlcy — In  the  coal  mines  do  they  use  the  diamond  bar 
screen } 

Mr.  Rice — Yes,  it  is  more  or  less  used  by  the  railroad  com- 
panies but  not  by  the  companies  selling  commercial  coal. 

Mr.  Finley — Are  railroad  mines  using  it  for  the  reason  that  it 
does  break  up  the  coal  more .' 

Mr.  Rice — No,  it  is  because  of  its  simplicity  and  less  expense 
both  of  first  cost  and  that  of  operation.  Further,  it  gives  a  suf- 
ficently  good  screening  for  the  purpose. 

Mr.  Jackson  -Have  any  experiments  been  made  to  determine 
the  extra  breakage  of  the  coal  that  might  be  caused  by  using  skips 
over  that  by  hoisting  the  cars } 
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Mr.  Rice — No,  I  cannot  say  that  there  have  been.  I  may  add 
there  are  objections  to  dumping  coal  down  in  the  mine.  It  has  to 
be  weighed  before  dumping,  and  this  has  to  be  done  more  or  less 
in  the  dark,  and  a  good  many  of  the  miners  are  apt  to  take  advan- 
tage of  that  condition  and  load  more  rock  with  their  coal  than  if 
their  cars  were  hoisted  to  daylight  where  the  coal  can  be  better 
inspected.  Very  frequently  they  have  to  stop  a  pit-car  to  pick  out 
rock  or  bad  coal,  which  would  be  difficult  below  ground.  This 
condition  does  not  exist  in  the  copper  and  iron  mines. 

Mr.  Schaefer — I  would  like  to  ask  Mr.  Rice  if  he  can  tell  me 
about  what  the  per  cent  of  increase  is,  at  Spring  Valley  mine,  by 
using  double  deck  cages  over  single  deck  cages,  in  the  case  of  the 
500-foot  hoist. 

Mr.  Rice — No,  I  cannot  say,  in  that  case,  because  it  is  compli- 
cated by  other  conditions.  That  particular  company  hoists  rock 
on  the  day  shift ;  by  so  doing  they  evidently  lose  something  in  coal 
output.  It  is  a  labor  condition  that  confronts  them  in  that,  and 
they  think  they  gain  by  it,  whereas  the  majority  of  operators  be- 
lieve it  is  best  to  hoist  the  rock  on  the  night  shift.  This  prevents 
making  direct  comparisons. 

Mr.  Schaefer — Have  you  any  idea  of  the  per  cent  of  this  in- 
crease } 

Mr.  Rice — Theoretically  it  is  a  matter  you  can  figure  out  pretty 
closely ;  you  know  the  speed  of  hoisting ;  you  know  the  length  of 
time  it  takes  to  hoist — say  500  feet — and  you  know  the  length  of 
time  it  takes  you  to  stop  and  take  off  and  on  the  cars  in  a  given 
case;  therefore  what  you  save  in  that  case  is  the  difference  in  time 
in  every  second  hoist  between  a  hoist  of  500  feet  and  that  of  6 
feet.  It  would  figure  out  something  like  this.  Hoisting  500  feet 
and  landing  cage  10  seconds;  hoisting  6  feet  and  landing  cage  4 
seconds ;  changing  pit-cars  5  seconds ;  total  for  one  deck  500  feet, 
I  5  seconds ;  total  for  second  deck,  6  feet,  9  seconds ;  average  for 
double-deck  cage,  12  seconds.  This  would  give  for  single-deck 
cages  an  output  of  4  cars  per  minute ;  for  double-deck  cages,  of  5 
cars  per  minute  or  20  per  cent  more ;  this  is  only  for  the  depth 
specified.  It  is  evident  that  for  shallower  shafts  the  gain  will  be 
less  until  it  becomes  practically  nil ;  on  the  other  hand  in  deeper 
shafts  the  gain  is  proportionately  greater. 

Mr.  Schaefer — How  often  is  it  necessary  to  paint  these  tipples } 

Mr.  Rice — If  they  are  quite  closely  in  contact  with  the  shaft, 
they  ought  to  be  painted  every  year. 

Mr.  Schaefer  -Have  you  had  any  experience  with  galvanized 
iron  as  against  black  iron  } 

Mr.  Rice — Only  in  the  nature  of  roofing.  In  that  way  the  gal- 
vanizing is  very  successful.     I  never  use  now  the  plain  black  roof- 
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ing  around  the  mine,  on  account  of  corrosion.  To  show  how  rapidly 
corrosion  takes  place  when  unprotected-  there  happened  to  be  a 
cross-brace  immediately  at  the  top  of  the  old  Cardiff  No.  i  mine ;  it 
was  rather  unimportant  and  was  located  in  such  a  place  that  it  was 
not  convenient  to  paint  it,  but  when  we  uncovered  it  we  found  the 
scale  that  had  collected  on  it  was  about  3-16  of  an  inch  thick,  a  re- 
sult of  three  years"  exposure. 

Jllr.  Spichnmi  — 1  believe  that  the  wooden  tipple  you  speak  of 
at  Spring  Valley  was  burned  during  a  strike,  (I  think  the  steel 
tipple  was  manufactured  by  a  Pittsburg  company — the  Pittsburg 
Bridge  Company),  and  I  also  believe  that  the  acute  stage  of  the 
trouble  did  not  develop  until  the  tipple  was  partly  manufactured^ 
when  the  sides  of  the  shaft  caved  in,  necessitating  a  new  location 
and  design  for  tipple. 

Referring  to  the  shaker  screens  and  the  enormous  vibrations 
that  are  experienced,  I  was  wondering  how  you  got  at  the  units 
you  used  there.  As  I  understand  it,  there  is  shafting  of  perhaps  4 
or  5  inches  diameter  revolving  very  rapidly,  with  a  load  of  several 
tons.  I  was  wondering  whether  you  treated  that  as  an  impact  or 
whether  you  assume  very  low  unit  values  for  the  members  affected. 

Mr.  Rice — I  think  no  one  attempts  to  figure  the  stresses,  as 
they  are  very  complex ;  the  present  designing  is  rather  a  matter  of 
experience.  We  all  started  to  use  rather  light  structures,  but  kept 
on  making  them  heavier,  as  the  result  of  experience.  The  strength 
needed  is  surprising,  considering  that  the  power  required  to  run 
these  shaking  screens  is  insignificant — a  matter  of  several  horse 
power  only. 

Mr.  Schacfer — My  rule  has  been  to  make  it  one  day  as  heavy  as 
I  dared,  then  sleep  over  night,  and  come  down  the  next  day  and 
make  it  twice  as  heavy. 

Mr.  Fiiiley — Tipples  vary  so  much  in  design  and  proportioning 
that  I  am  inclined  to  think  there  is  considerable  room  for  striking 
a  happy  medium. 

Mr.  Spichnan — About  what  class  of  hoisting  cables  are  used  in 
the  Spring  Valley  mines  } 

Mr.  Rice — I  believe  they  use  from  1  %  to  i  ^4  inch  diameter  rope 
according  to  the  different  loads  at  the  several  mines.  At  Cardiff 
mine,  we  use  a  i^  inch  diameter  rope  of  "extra  crucible  steel" 
and  which  has  a  breaking  strain  of  78  tons. 

Mr.  Jackson — I  haven't  much  faith  in  the  ability  of  shaking 
screens  to  shake  a  sufficiently  heavy  structure.  I  have  never  found 
any  great  difficulty  in  providing  for  heavy  crushers  operating  2a 
feet  above  ground,  or  providing  for  engines  of  50  or  60  horse-power 
at  a  considerable  height  above  ground.  Particular  attention  should  be 
paid,  as  Mr.  Rice  has  said,  to  bracing  to  the  ground  as  well  as  possible. 
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M}'.  Rice — I  do  not  think  the  comparison  is  quite  fair.  The  class 
of  structures  to  which  Mr.  Jackson  alludes,  employ  large  heavy  bins, 
which  in  themselves  have  considerable  inertia.  Then  the  type  of 
machine  mentioned  is  entirely  different ;  the  rock  crushers'  stresses 
are  internal,  and  such  engines  as  mentioned  are  largely  self-contained, 
I  am  somewhat  familiar  with  what  is  required  for  the  support  of 
these,  and  I  do  not  think  they  will  compare  with  a  large  shaking 
screen  in  producing  external  stresses.  However,  in  the  case  of  the 
head  frames  for  iron  mines  to  which  Mr.  Jackson  alludes,  in  which 
there  are  these  large  bins  to  support,  the  columns  required  therefor 
and  their  foundations  have  to  be  so  heavy  that  shaking  screens 
themselves  would  have  no  effect  on  such  a  structure. 

I  had  not  meant  to  give  the  impression  that  there  were  enormous 
forces  to  meet  in  the  use  of  shaking  screens,  but  rather  that  the 
weights  were  relatively  so  light  for  structural  steel  buildings,  that 
they  were  apt  to  be  ignored  with  bad  results. 

I  think  that  all  will  agree  that  the  best  engineering  is  that  which 
accomplishes  proper  results  with  the  smallest  expenditure ;  so  per- 
haps it  was  better  that,  in  starting,  such  structures  were  built  too 
light  rather  than  too  heavy,  for  experience  with  the  former  has 
taught  us  the  intelligent  strengthening  of  the  weak  points. 

Mr.  Andreivs  Allen  (by  letter) — The  writer  is  very  glad  that  the 
problem  of  steel  tipple  designing  has  at  last  reached  the  field  of 
academic  discussion.  Much  may  be  gained  by  comparing  results 
obtained  by  different  designers  and  by  noting  and  correcting  pro- 
gressively the  mistakes  made  in  previous  designs. 

As  Mr,  Rice  has  said,  the  stresses  and  strains  existing  in  a  tipple 
were  not  sufficiently  understood  and  appreciated  by  the  early  de- 
signers, and  more  than  this,  the  working  conditions  and  the  condi- 
tions affecting  the  permanence  and  durability  of  the  structure  do 
not  seem  to  have  been  understood  and  appreciated  any  better. 

The  writer  has  made  somewhat  of  a  study  of  tipple  construction 
for  a  number  of  years.  Like  all  the  rest,  he  followed  at  first  the 
lines  of  the  wooden  tipple,  for  want  of  a  better  example,  but  the 
defects  became  apparent  after  practical  test  and  were  of  such  a 
serious  character  that  in  his  more  recent  designs  he  has  broken  en- 
tirely away  from  the  old  forms  and  attempted,  with  more  or  less 
success,  to  treat  the  problem  from  an  engineering  point  of  view — 
that  is,  given  certain  duties  to  perform,  and  steel  as  the  material 
to  be  used,  to  determine  the  best  and  most  economical  design  and 
proportion. 

The  duties  to  perform  and  the  working  conditions  as  conceived 
by  the  writer  are  as  follows : 

I  St.  The  head  frame  must  be  of  such  a  design  as  to  resist  the 
strains  of  hoisting  and  dumping;  to  withstand  without  injury  the 
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crucial  stresses  caused  by  any  possible  breakage  or  disarrangement 
of  the  machinery,  such  as  an  overwind,  lodgment  of  the  cage  or 
throwing  off  of  the  car  when  dumping. 

2d.  The  shaker  structure  should  be  designed  so  as  to  allow  the 
greatest  freedom  in  future  arrangement  of  screens  and  must  be  pro- 
portioned for  the  constant  and  rhythmic  vibration  of  the  screen. 

3d.  As  good  foundations  are  essential  to  the  above,  and  as,  ex- 
cept in  solid  rock,  the  curbing  of  the  shaft  or  the  ground  immedi- 
ately around  it  does  not  afford  a  solid  foundation,  on  account  of 
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possible  settlement  and  lack  of  solidity;  all  foundations  should  be 
carried  as  far  as  possible  away  from  the  shaft. 

4th.  As  the  gases  and  fumes  coming  up  the  shaft  or  blowing 
from  the  waste  dump  are  very  destructive  to  steel,  the  members 
entering  into  the  construction  of  a  tipple  should  be  few,  heavy,  com- 
pact, easily  painted  and  with  no  recesses.  They  should  also  be  car- 
ried as  far  away  from  the  shaft  as  possible,  and  for  the  same  reason, 
there  should  be  no  housins:  o\er  and  arouutl  the  shaft  above  trround. 
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An  operator  is  foolish  to  spend  the  money  for  a  steel  tipple  unless 
he  obtains  a  structure  that  is  permanent  and  that  cannot  be  injured 
or  crippled  by  any  accident  to  his  machinery.  The  tipple  should 
therefore  be  designed  of  sufficient  strength  to  break  the  hoisting 
cable,  and  no  essential  parts  of  the  tower  should  be  arranged  so- 
that  they  can  be  injured  by  an  overwind. 

Working  out  a  design  on  the  above  lines  led  to  the  plan  of  Car- 
diff No.  2  as  described  by  Mr.  Rice.  Here  the  writer  used  what 
may  be  called  an  "A"  frame  tower.  The  legs  battered  equally  and 
were  about  50  feet  apart  at  the  bottom.  The  bracing  consisted  of 
struts  inclined  from  the  base  to  an  apex  at  the  center  of  the  plat- 


HEAl)  FRAME  OF  CARDIFF  No.  2  DURING  CONSTRUCTION. 
Showing  Upper  "A"  Frame  Carrying  .Sheaves. 

form  and  again  from  the  edges  of  the  platform  to  the  center  of  the 
sheave  deck.  A  second  "  A  "  frame  holds  the  sheaves.  The  feet 
of  the  tower  are  securely  anchored  to  concrete  piers  of  sufficient 
weight  to  take  care  of  any  possible  uplift  and  they  are  connected 
across  by  heavy  rods  imbedded  throughout  their  length  in  concrete, 
thus  forming  a  strut  and  tie  practically  below  the  ground  and  of  a 
form  that  ought  to  be  absolutely  permanent.  This  tower  proved 
remarkably  stiff  and  with  modifications,  has  been  the  model  of  sev- 
eral subsequent  designs  by  the  writer. 

In  regard  to  the  shaking  screen  structure,  the  writer  is  not  at  all 
hopeful  of  finding  a  correct  analysis  of  the  stresses.     The  effect  of 


300  Discuss/o» — i^se  of  Sice/  /or  Coal  Mine  Tipples. 

rhythmical  vibration  is  hard  to  measure — as  witness  a  horse  trotting 
over  a  bridge  or  a  company  of  soldiers  marching  in  step.  The 
writer  has  known  the  heaviest  of  paved  highway  bridges  to  vibrate 
perceptibly  when  a  dog  trotted  over  it,  and  at  the  same  time  to  be 
absolutely  stiff  under  the  heaviest  teaming.  Where  the  shaking 
screens  are  attached  to  the  main  tower  there  is  a  tendency  for  the 
vibration  to  be  multiplied  and  intensified  towards  the  top,  and  when 
the  screens  are  put  into  motion  every  piece  of  the  structure  will 
vibrate  more  or  less  in  unison.  Now  while  the  writer  believes  that 
it  is  quite  possible  to  design  and  build  a  structure  so  stiff  and  strong 
that  the  screens  can  be  attached  to  it  without  serious  vibration,  he 
does  not  believe  that  it  is  economical  to  do  so.  The  writer  would 
prefer  to  separate  the  structures,  let  the  screen  structure  vibrate  a 
little  if  it  will,  but  keep  that  vibration  away  from  the  scales  and 
weigh  room  above. 

Next  in  importance  to  the  above,  is  the  making  of  all  individual 
pieces  stiff  enough  not  to  vibrate  of  themselves.  The  braces  are 
mostly  figured  as  ties  but  they  should  all  have  sufficient  radius  of 
gyration  in  proportion  to  their  length  to  enable  them  to  act  as 
struts.  Whenever  a  piece  vibrates  it  shortens  and  lengthens  a 
trifle,  which  sets  up  vibrations  in  the  entire  structure,  and  these 
vibrations  are  often  cumulative  until  a  tower  may  be  (as  they  say  of 
one  down  in  Indiana)  "  Like  a  tuning  fork."  When  each  member 
is  stiff  in  itself  such  vibrations  do  not  spread  and  are  therefore 
harmless. 

The  end  hoist  and  the  side  hoist  tipples  require  radically  different 
treatment.  In  the  side  hoist,  the  shock  of  dumping  is  in  the  same 
plane  as  the  pull  of  the  rope  and  can  be  provided  for  readily  by  con- 
necting the  dumping  floor  to  the  engine  brace  (the  writer  gener- 
ally uses  an  engine  brace  in  side  hoist  tipples.)  With  the  end  hoist 
tipple,  the  shock  of  dumping  acts  at  right  angles  to  the  cable  pull 
and  shocks  and  stresses  in  both  directions  must  therefore  be  pro- 
vided for.  It  is  usually  necessary  to  build  an  end  hoist  head  frame 
wider  than  a  side  hoist  head  frame  for  this  reason.  In  such  a  tower 
however,  as  at  Cardiff,  where  self-dumping  cages  are  not  used,  there 
is  no  such  shock  to  be  provided  for  and  the  tower  can  therefore  be 
made  narrow,  but  the  shock  of  dumping  must  nevertheless  be  pro- 
vided for  in  the  platform  by  longitudinal  and  horizontal  bracing. 

The  writer  has  made  it  a  practice  to  examine  and  note  the  defects 
in  design  and  construction  of  each  tipple  he  has  built.  These  de- 
fects he  always  attempts  to  correct  in  the  next  design  and  the  pro- 
cess of  evolution  has  been  going  on  a  good  many  years.  It  is  easy 
for  one  with  unlimited  money,  or  rather  with  a  customer  willing  to 
pay  without  limit,  to  design  a  strong  and  stiff  tipple  and  that  with  a 
very  elementary  knowledge  of  the  problems  involved.      But  it   is 
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not  SO  easy  to  meet  the  conditions  and  at  the  same  time  suit  the 
pocket  book  of  the  operator.  The  writer  believes,  if  he  Hves  long 
enough,  that  he  will  some  day  build  a  tipple  that  will  satisfy  him^ 
but  although  a  great  deal  of  progress  has  been  made,  he  is  very  un- 
willing to  consider  the  present  state  of  the  art  as  a  finality  or  to  say 
that  in  the  future  even  more  progress  will  not  be  made  than  has 
been  made  in  the  past. 

The  steel  tipple  in  the  West  has  been  injured  by  its  friends. 
Many  will  say  that  it  is  a  failure,  but  they  judge  from  the  examples 
they  have  seen,  and  the  writer  regrets  to  say  that  there  are  very 
few  good  steel  tipples  in  the  West,  (the  writer  confesses  to  several  that 
will  not  pass  muster. )  But  the  few  that  are  satisfactory  point  the 
way  to  still  better  things.  A  good  wooden  tipple  is  far  better  than 
a  poor  steel  one,  but  a  really  good  steel  tipple  is  immeasurably  bet- 
ter than  either  and  is  the  ideal  construction.  The  day  ought  to 
come  when  the  operator  of  a  large  mine  will  no  more  think  of  in- 
stalling a  wooden  tipple  than  he  would  a  wooden  hoisting  winch 
operated  by  "the  American  Hay  Burning  Engine." 
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The  title  chosen  for  this  paper  covers  a  broad  subject,  but  it  was 
considered  more  desirable  to  present  to  the  Society  a  few  of  the 
general  principles  of  Railroad  Signaling  rather  than  to  enter  into  a 
discussion  of  the  details,  many  of  which  are  not  even  yet  agreed  upon 
by  experts  in  the  art.  Probably  much  will  be  said  that  is  not  new 
to  many  of  the  readers  of  this  article,  but  we  trust  that  something 
of  interest  may  be  discov^ered  by  all.  There  are  many  topics  which 
come  to  the  mind  of  those  connected  with  Signal  work,  the  com- 
plete discussion  of  any  one  of  which  would  make  a  paper  of  pro- 
hibitive length,  but  these  discussions  are  generally  of  interest  to 
Signal  Engineers  only  and  would  be  entirely  out  of  place  before 
this  Society. 

A  brief  definition  of  "  Signal  Engineering  "  may  he  given  as  that 
branch  of  railroading  which  tends  to  make  the  operation  of  railroads 
more  safe  by  giving  a  positive  indication  to  the  trainmen  of  the 
condition  of  the  track  in  respect  to  other  traffic.  This  is  a  very  gen- 
eral definition,  but  it  covers  all  the  branches  of  the  art.  While 
signals  often  serve  other  purposes,  yet  they  are  primarily  installed 
for  this  end.  Thus  in  automatic  signaling  a  broken  rail  will  be  in- 
dicated by  the  signal,  and  while  that  is  an  important  safeguard,  the 
installation  is  not  made  for  that  purpose  alone. 

We  may  possibly  make  two  arbitrary  divisions  of  the  subject : 
that  which  has  to  do  with  isolated  cases,  giving  protection  to  places 
that  are  in  themselves  considered  especially  dangerous,  such  as 
grade  crossings,  junctions,  and  drawbridges,  and  second,  in  the  pro- 
tection of  long  stretches  of  track  not  in  itself  dangerous,  but  where 
it  is  desired  to  facilitate  traffic.  Our  definition  however,  holds  in 
either  case,  although  with  drawbridges  it  is  water  traffic  that  may 
be  considered,  as  that  to  be  guarded  against.  With  junctions  and 
grade  crossings,  the  whole  installation  is  designed  to  give  protec- 
tion against  the  trains  on  the  other  tracks  concerned  by  warning 
the  engineer  of  an  approaching  train  whether  or  not  any  other 
trains  are  in  his  way.  For  the  second  division  of  the  art  we  try  to 
render  the  operation  more  safe  while  at  the  same  time  permitting 
higher  speeds.  These  two  branches  merge  into  each  other  so  that 
in  the  most  complete  installations,  and  for  the  end  towards  which 
all  roads  are  striving,  all  crossings,  junctions  and  main  track  switches 
would  be  protected  by  interlockings  and  the  track  woukl  be  con- 
trolled by  a  complete  block  system,  all  working  in  harmony. 
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■\Ve  will  consider  first  the  former  class,  both  because  it  is  more 
generally  distributed  and  because  its  principles  are  used  in  the 
second  class.  Apparently,  interlocking  originated  in  England,  in 
the  early  days  of  railroading.  The  practice  of  grouping  the  levers 
for  a  series  of  switches,  and  also  the  use  of  signals  to  control  the 
movements  of  trains  seems  to  have  developed  along  independent 
lines  at  first.  It  was  found  that  as  the  groups  of  switches  increased 
in  size  there  must  be  some  connection  between  them  and  the  sig- 
nals ;  otherwise  it  was  possible  to  give  a  false  indication  by  the  at- 
tendant through  carelessness  or  some  other  cause.  The  interlock- 
ing between  the  levers  was  introduced  about  1856  by  Saxby  in 
England. 

In  this  country  the  first  interlocking  machine  was  erected  near 
Newark,  N.  J.,  about  1870,  and  that  machine  of  20  levers  imported 
from  England  is  now  preserved  in  the  Field  Columbian  Museum. 
It  has  a  very  close  resemblance  to  many  machines  of  our  latest 
make.  About  the  same  time  Messrs.  Toucey  &  Buchanan  of  the 
N.  Y.  C.  &  H.  R.  R.  R.,  developed  an  interlocking  machine  of  their 
own.  This  had  its  locking  in  a  vertical  plane  below  the  operator's 
floor,  while  the  "Saxby  &  Farmer"  machine  above  mentioned  had 
its  horizontal  locking  above  the  floor.  Several  of  these  Toucey  & 
Buchanan  machines  were  erected  between  New  York  and  Buffalo, 
the  first  being  at  Spuyten  Duyvil,  10  miles  from  the  Grand  Cen- 
tral Station,  New  York  City.  One  was  erected  at  Batavia,  N.  Y., 
at  the  crossing  of  the  Erie  R.  R.,  and  is  still  in  service.  From  the 
time  of  its  first  introduction,  the  use  of  interlocking  rapidly  increased 
until  it  is  found  in  nearly,  if  not  quite  every  state  and  territory  of 
the  Union,  but  it  is  impossible  to  give  the  number  of  the  levers  in 
service.  Several  of  the  states  have  taken  otificial  recognition  of  the 
safety  afforded  by  interlocking  devices  by  giving  the  Railroad  Com- 
missioners more  or  less  authority  over  such  matters.  This  varies 
from  a  simple  inspection  in  some  states  to  an  actual  ordering  by  the 
state  that  a  certain  number  of  points  are  to  be  protected  each  year. 

An  interlocking  plant  may  be  considered  to  consist  of  two  parts, 
the  signals  and  the  switch  controlling  devices.  By  the  former,  the 
desired  indications  are  given  to  the  enginemicn,  and  by  the  latter, 
the  safety  of  any  desired  route  is  assured.  The  signals  being  the 
part  most  apparent  will  be  first  considered. 

The  semaphore  type  is  now  universally  used.  This  originated 
in  England  after  exhaustive  tests  as  to  the  most  visible  form  of  a 
signal,  although  it  had  been  previously  used  in  transmitting  mes- 
sages from  point  to  point  forming  a  sort  of  visual  telegraph.  De- 
pending on  its  use,  the  semaphore  has  been  given  various  names. 
In  interlocking,  now  under  consideration,  generally  only  two  forms 
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are  used,  the  "home"  and  the  "distant"  signals.  A  home  sig- 
nal is  illustrated  by  Fig.  i.  In  construction  it  consists  of  a  post 
extending  about  25  feet  above  the  rail,  and  either  of  wood 
or  of  some  form  of  iron  construction  according  to  the  most  ap- 
proved present  practice.     The  indication  is  given  by  the  blade,  ex- 


Fig.  1.     Semaphore  Signal. 


tending  from  near  the  top  of  the  pole  to  the  right  as  seen  by  an 
approaching  train.  When  the  blade  is  in  a  horizontal  position  it 
means  stop  or  caution,  but  when  inclined  or  vertical  the  signal  is 
for  clear  track  or  proceed.  The  blade  is  fixed  to  a  proper  casting 
which  supports  a  light  on  the  other  side  of  the  pole,  giving 
the  night  signals  by  means  of  colored  glasses.  The  night  indica- 
tion is  by  color — but  the  day  indication  is  by  the  position  of  the 
arm  or  blade.  The  face  of  this  blade  is  generally  painted  red,  but 
some  roads  recognizing  the  inconsistency  of  allowing  trains  to  run 
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past  a  red  signal,  have  adopted  a  neutral  color,  as  yellow.  The 
proper  location  of  the  home  signal  is  at  the  point  at  which  a  stop 
is  desired.  It  does  not  necessarily  mean  danger,  although  the  stop 
position  is  usually  spoken  of  as  the  "  danger  "  position.  There  may 
be  more  than  one  home  signal  in  an  interlocking  system  for  each 
direction  if  the  distance  between  the  operated  switches  is  great. 
Good  practice  should  not  permit  a  signal  to  be  too  far  from  the 
switch  it  controls,  and  200  feet  is  often  considered  a  maximum, 
although  local  conditions  may  alter  this. 

The  home  signal  may  have  more  than  one  arm,  as  two  arms  are 
used  where  there  are  diverging  routes,  the  upper  arm  indicating 
the  more  important  route  and  the  lower  arm  the  less  important 
one.  Sometimes  three  arms  are  seen,  where  there  are  several 
routes,  two  or  more  of  which  are  of  importance.  Where  the  signal 
cannot  be  placed  adjacent  to  the  track  it  governs,  a  bracket  pole  is 
used,  with  stubs  indicating  the  number  of  tracks  between  the  track 
signaled  and  the  signal.  It  is  becoming  the  practice  to  simplify 
the  form  of  bracket  signal,  often  using  but  one  dummy  even  should 
there  be  more  than  one  track  intervening,  especially  since  the  en- 
gineman  at  high  speeds  has  no  time  to  count  the  dummy  posts,  and 
it  is  usually  evident  to  which  track  the  signals  refer  without  the  use 
of  any  device  to  make  it  plainer. 

The  distant  signal  differs  from  the  home  signal  chiefly  in  the 
color  of  the  blade,  which  is  usually  green  or  yellow,  and  also  in  hav- 
ing the  end  of  it  notched  or  fish  tailed.  The  night  indication  also 
differs  in  color,  although  the  English  practice  is  to  make  no  distinc- 
tion. The  distant  signal  commonly  has  but  one  arm,  referring  to 
the  upper  arm  of  the  home  signal,  if  that  signal  has  more  than  one 
arm.  The  location  of  the  distant  signal  should  be  at  such  a  dis- 
tance from  the  home  signal  that  the  fastest  trains  may  stop  at  tlie 
latter  provided  the  train  is  put  under  control  the  instant  it 
passes  the  distant  signal.  This  distance  varies  from  1,200  feet  to 
3,000  feet  depending  on  the  average  speed,  grades,  etc.  The  lesser 
distance  is  an  arbitrary  one  and  was  a  few  years  ago  universally 
used.  While  a  train  can  often  see  a  distant  signal  before  it  reaches 
it,  yet  consideration  must  be  given  to  the  fact  that  in  fogs,  when 
signals  are  the  most  useful,  no  signal  can  be  seen  until  it  is  reached. 
The  indication  of  the  distant  signal  when  in  the  horizontal  position 
means  to  proceed  with  caution,  and  be  ready  to  stop  at  the  home 
signal.  When  the  arm  is  inclined  it  means  that  all  signals 
for  that  route  are  clear  and  that  the  train  may  proceed  at  speed. 
The  distant  signal  may  be  placed  on  bracket  posts  or  on  a  light 
bridge  over  the  tracks,  just  as  with  the  home  signal. 

A  miniature  home  signal  called  the  dwarf  is  used  to  signal  move- 
ments from  the  sidings  to  the  main  track,  or  a  reverse  movement 
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onthc  main  track.  Its  colors  and  indications  are  the  same  as  for 
the  home  signal  and  its  location  the  same  in  reference  to  the 
switches.  It  is  so  small  that  it  can  be  placed  between  the  tracks, 
without  interference  from  passing  trains. 


Fig.  2.      Dwarf  Signal. 


We  have  said  that,  the  "  clear  "  position  of  all  signals  is  inclined  or 
vertical.  Most  roads  use  an  inclination  from  the  horizontal  of  about 
60  deg.,  but  many  engineers  favor  an  angle  of  90  d^g.  This  gives 
a  fine  appearance  to  the  signal  when  in  the  clear  position,  but  it  is 
objected  to  on  the  score  that  from  certain  points  of  view,  it  may 
appear  merely  as  an  enlargement  of  the  pole  and  is  therefore  not 
sufificiently  distinctive.  With  the  throw  of  60  deg.  there  is  no 
doubt  as  to  the  signal,  for  the  blade  cannot  be  hidden  by  the  pole. 

The  American  Railway  Engineering  and  Maintenance-of-W'ay 
Association  has  adopted  a  90  deg.  throw  as  standard  for  "  train 
order"  signal,  and  many  roads  are  now  using  it  for  all  semaphores. 

As  above  stated,  the  night  indication  is  by  color  only.  The  most 
common  practice  until  very  recently,  and  still  largely  used,  was  white 
for  safety  and  red  for  danger  with  home  signal  and  green  for  cau- 
tion in  the  distant  signal.  The  u.se  of  a  white  light  is  generally 
recognized  as  liable  to  confusion  with  other  lights,  especially  should 
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the  signal  light  become  extinguished.  Since  the  light  itself  is  white, 
and  the  distinguishing  color  is  had  by  the  glass  in  the  blade  grip, 
should  this  colored  glass  become  broken  a  "clear"  signal  would  be 
shown  when  a  stop  might  be  intended.  This  however,  has  not 
been  found  to  be  as  serious  as  mistaking  some  other  light  for  that 
of  the  signal.  Undoubtedly  most  roads  would  adopt  green  for  clear 
track  were  it  possible  to  secure  a  good  distinctive  light  for  the  dis- 
tant signal.  Yellow  has  been  tried  and  is  largely  used  for  the  cau- 
tion position  of  the  distant  signal,  but  is  not  entirely  satisfactory. 
A  combination  of  colors  is  also  used,  but  that  either  requires  two 
lamps  or  one  of  special  design,  either  of  which  methods  is  expen- 
sive. For  lack  of  a  better  solution  yellow  is  gradually  gaining 
ground.  Many  roads  on  new  work  now  arrange  for  two  color  indi- 
cations even  should  they  not  immediately  adopt  some  other  color 
than  white  for  a  clear  track,  but  they  recognize  the  fact  that  the 
change  must  be  made  eventually.  For  dwarf  signals  the  same 
colors  are  commonly  used  as  for  the  semaphores,  but  some  signal 
engineers  have  adopted  purple  for  stop  indications  at  night  as  the 
red  is  sometimes  in  danger  of  confusion,  since  the  location  of  the 
dwarf  often  brings  it  directly  in  range  of  the  engineman's  vision, 
although  it  may  be  intended  to  govern  another  track. 

A  few  years  ago  it  was  considered  desirable  to  give  a  separate 
signal  for  each  route.  Since  in  a  switch-yard  this  would  require  an 
impossible  number  of  blades  on  each  post,  a  device  known  as  an  in- 
dicator was  invented.  This  consisted  of  a  large  figure  or  symbol 
so  arranged  that  it  would  be  thrown  into  view,  to  indicate  the  route 
that  was  to  be  taken.     Indicators  have   been    abandoned  in    this 


Fig.  3.     Detector  Bar. 

country  and  it  is  doubtful  if  one  could  now  be  found  in  operation. 
In  view  of  this,  it  is  interesting  to  note  that  an  English  engineer  has 
just  invented  and  put  into  use  on  his  line  what  is  practically  an  in- 
dicated signal. 

Of  the  switch  controlling  devices  perhaps  the  most  important  is 
the  "detector  bar,"  which  consists  of  a  flat  bar  of  iron  supported 
by  clips  close  beside  the  rail.     These  clips  are  either  secured  to  the 
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tie  or  directly  to  the  rail  and  are  so  designed  as  to  permit  the  bar 
to  be  raised  up  above,  but  inclined  a  little  from  the  vertical  towards 
the  center  of  the  rail.  This  is  accomplished  either  by  links  pivoted 
both  on  the  clip  and  the  bar,  or  else  by  an  inclined  slot  so  designed 
that  when  the  bar  is  moved  lengthwise  it  will  be  raised  the  proper 
distance  of  about  one  inch.  As  this  bar  is  now  used  50  feet  in 
length  it  will  cover  the  space  between  the  wheels  of  any  car,  so 
that  if  a  car  is  over  the  bar  it  cannot  be  raised,  thus  holding  the 
switch  locked  and  preventing  the  operator  from  throwing  it  under  a 
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P'ig.  4.     Facing  Point  Switch. 

train.  In  this  country  detector  bars  are  always  placed  on  the  out- 
side of  the  rail.  Where  switches  are  close,  or  there  is  not  50  feet 
of  clear  track  in  advance  of  them,  two  or  even  three  bars  may  be 
needed,  so  that  every  possible  route  may  be  protected  by  50  feet 
of  bar.  The  bar  is  worked  usually  by  the  lock  lever,  in  connection 
with  the  facing  point  lock.  This  name  is  usually  applied  to  the 
whole  apparatus.  The  lock  itself  consists  of  a  plunger  passing- 
through  a  hole  in  a  bar  attached  to  the  switch  and  so  closely  ad- 
justed that  the  plunger  cannot  enter  the  hole  unless  the  switch 
point  faces  up  close  against  the  stock  rail.  Should  anything  drop 
between  the  rails  to  keep  them  separated,  the  plunger  could  not  en- 
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Switch  and   Lock  Movement. 


ter  its  hole,  thus  preventing  the  lock  lever  from  being  thrown,  antl 
hence  the  signals  could  not  be  "  cleared  "  until  the  trouble  had  been 
located  and  remedied.  Two  or  even  more  locks  may  be  attached 
to  one  lever,  but  good  practice  considers  two  full  bars  or  100  feet 
in  length,  a  fair   load  for   the  operator,  although   if   distances   are 
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short  this  load  can  be  a  httle  exceeded.  It  is  sometimes  difficult  to 
get  the  proper  bars  on  a  double  slip  switch  without  overloading,  but 
by  allowing  two  lock  levers  to  each  such  slip,  the  loads  can  usually 
be  brought  down  to  within  proper  limits.  Formerly  only  one  lever 
was  used  for  a  slip  with  a  load  so  heavy  that  it  was  difficult  for  one 
man  to  handle  it. 

The  switch  and  lock  movement  is  an  ingenious  device  whereby 
one  lever  is  made  to  do  the  work  of  two.  When  it  first  came  into 
use,  it  was  not  properly  used,  as  two  were  sometimes  placed  on  one 
lever,  making  an  excessive  load  for  the  operator.     Apparently  on 


Fig.  5a.     Detail. 

this  account  it  fell  into  disfavor  and  was  almost  entirely  discarded 
for  a  while.  It  has  now  come  into  use  again,  even  on  main  track 
derails,  at  crossings,  although  only  one  is  now  placed  on  a  lever  and 
its  movement  is  checked  by  bolt  locking  the  signal.  The  move- 
ment consists  of  some  kind  of  an  escapement  so  arranged  that  the 
first  part  of  the  lever  stroke  unlocks  the  switch  and  raises  the  de- 
tector bar;  the  second  part  of  the  motion  throws  the  switch  and 
finally  the  bar  is  dropped  and  the  switch  locked  in  its  new  position. 
There  are  several  different  forms  but  they  all  work  on  this  principle. 
The  bolt-lock  is  a  simple  device  introduced  into  the  line  of  pipe, 
or  wire  operating  any  signal,  and  consists  of  a  flat  bar  of  iron  cut 
into  the  line  and  therefore  moving  with  it.  This  is  placed  right 
opposite  the  switch  it  is  desired  to  protect  and  a  bar  directly  con- 
nected to  the  switch  moves  in  the  bolt-lock  frame  at  right  angles  to 
the  first  bar.  There  is  a  notch  in  each  bar,  so  that  when  the  switch 
is  in  proper  position,  the  notch  in  the  switch  bar  will  permit  the 
signal  bar  to  move  and  the  signal  to  be  "  cleared."  Then  the  switch 
is  locked  and  cannot  be  moved.  Should  the  switch  be  moved 
first,  the  signal  is  locked  at  "stop."  It  is  customary  to  place  bolt- 
locks  on  the  derails  for  the  home  signals,  and  sometimes  for  distant 
signals.  Occasionally  a  facing  point  switch  is  bolt-locked  with  each 
arm  of  a  two-armed  home  signal,  so  that  the  wrong  signal  cannot 
be  given  should  any  connections  be  broken. 
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The  connections  by  which  the  various  functions  are  operated 
may  be  either  pipe  or  wire,  in  mechanical  plants.  The  latter  is 
used  exclusively  for  switches,  locks  and  all  track  connections.  In 
the  best  modern  practice,  pipe  is  used  for  home  signals  and  occa- 
sionally for  dwarf  signals.  Wire  is  used  for  the  distant  signals, 
usually  for  dwarfs,  and  still  quite  frequently  for  all  signals.  A  few 
years  ago,  wire  or  cable  was  used  to  operate  switches  or  derails  and 
possibly  a  few  such  plants  can  still  be  found.  When  distances  are 
excessive,  mechanical  connections  to  the  distant  signal  are  some- 
times abandoned,  and  the  signal  operated  by  an  electric  motor  con- 


Fig.  G.     I'ipe  and  Wire  C'onnections. 


trolled  from  the  tower  electrically.  This  method  has  come  into 
quite  common  use  since  automatic  signalling  has  developed  ant! 
made  familiar  the  electric  semaphore. 

Where  pipe  is  used,  it  consists  of  i-inch  iron  or  steel  pipe  in 
lengths  of  i6  feet  or  more  fastened  together  by  the  ordinary  pipe 
coupling  and  also  by  a  plug  fitting  into  the  pipe  and  riveted  through. 
It  is  supported  on  carriers  every  7  or  S  feet   apart  which  arc  niaile 


Ellis —  Ra ilroa d  Sis{>: a  'hii 


377 


up  into  sets  so  as  to  carry  the  number  of  pipes  running  in  any  one 
direction.  The  antifriction  carrier  now  used  consists  of  a  roller 
grooved  to  fit  the  pipe  and  rolling  on  trunions  on  a  ledge  of  the 
pipe  carrier  side.     These  sides  may  be  attached  to  one  another  so 
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Pipe  Carrier. 


as  to  build  up  a  carrier  for  any  number  of  pipes.  Present  practice 
secures  these  carriers  to  a  wooden  base  which  is  itself  fastened  to 
a  concrete  block  8  x  12  x  24  inches  deep  and  which  is  firmly  set  in 
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the  ground.  The  pipes  are  placed  parallel  to  the  rail  and  about  4 
feet  from  it,  and  just  below  its  level,  so  as  not  to  be  interfered  with 
by  snow  plows,  etc.  The  pipes  are  placed  25^-in.  center  to  center, 
changing  at  the  tower  from  that  spacing  to  5  inches,  which  is  the 
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lever  spacing  of  the  machine.  Tlie  foundations  are  made  up  in 
sizes,  the  standard  being  8in.  wide  by  12-in.  long  on  top  for  a  "one 
way"  carrier.  Each  "way"  or  size  increases  in  length  of  founda- 
tion block  by  2  3/^-in.  In  a  large  machine  with  many  pipes,  the 
space  rcciuired  by  the  pipe  runs  is  considerable  and  there  are  cases 
where  the  installation  of  a  mechanical  plant  had  to  be  given  up  on 
account  of  lack  of  space  in  the  right  of  way. 

The  turns  are  made  by  means  of  "  bell  cranks  "  with  arms  9  x  9-in. 
or  1 1  .)^  X  1 1  -%^-in.,  the  angle  of  which  depends  on  the  angle  of  the 
turn.  If  at  right  angles,  a  90  deg.  crank  is  used,  or  if  a  different 
angle  is  required  the  arms  of  the  crank  are  opened  or  closed  to  suit 
the  conditions.     This  is  usually  done  in  the  field  erection,  as  most 


Fig.  i).     Concrete  Base  for  Carriers. 

of  the  turns  are  right  angled,  and  such  cranks  alone  are  carried  in 
stock.  Where  the  deflection  is  small,  radial  cranks  are  used,  having 
a  single  arm,  but  with  two  holes  for  attaching  the  the  two  lines  of  pipe. 
As  there  is  a  little  lost  motion  in  the  pipe  rollers,  since  usually  the 
trunions  are  tapering,  the  pipe  will  adjust  itself  to  the  ordinary 
curves,  without  any  special  devices.  Sometimes  this  curve  is  too 
sharp  and  deflecting  rods  are  used.  These  are  solid  bars  of  iron 
introduced  into  the  pipe  lines,  and  moving  in  a  special  guide,  so  that 
they  will  transmit  the  motion  around  the  cur\'c  without  excessive 
friction. 
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Wire  lines  need  much  less  elaborate  supports  than  the  pipe  lines. 
As  two  wires  are  used  to  each  signal,  the  carriers  are  made  in  sets 
of  two,  or  multiples  of  that  number,  and  consist  of  small  grooved 
wheels  supported  by  a  proper  frame.  When  running  along  side  of 
pipe  lines,  these  wire  supports  are  placed  on  the  same  foundations, 
but  only  on  every  third  one.  In  other  places  stakes  are  used,  set 
21  or  24  feet  apart.  The  turns  are  made  by  introducing  a  piece  of 
chain  into  the  wire  line,  which  is  carried  around  a  sheave  8  to  10 
inches  in  diameter. 

Expansion  and  contraction  of  pipe^lines  by  changes  of  tempera- 
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Fig.  10.     Bell  Cranks. 

ture  has  to  be  very  carefully  considered.  This  amounts  to  about  i 
inch  change  in  length  for  each  100  feet,  for  a  change  of  100  deg. 
in  temperature.  As  pipe  lines  1,000  feet  long  are  not  unusual,  it 
can  readily  be  seen  that  expansion  and  contraction  must  be  pro- 
vided for  accurately.  The  compensating  device  now  used  is  ex- 
tremely simple  and  entirely  automatic  in  its  action.  It  consists  of 
two  cranks,  one  with  an  interior  angle  of  60  deg.  and  the  other  of 
1 20  deg.  and  so  connected  together  that  a  push  or  pull  in  the  ex- 
tremity of  one  crank  will  give  the  opposite  motion  on  the  other 
crank.  It  is  plain  then  that  if  this  device  (called  a  "  Lazy  Jack  ") 
be  placed  in  the  center  of  a  line  of  pipe  that  the  pipe  can  elongate 


380 


J:llis — Kailroa d  Si^nuliug . 


or  contract  and  that  the  motion  will  be  taken  up  by  the  compensa- 
tor so  that  no  motion  will  be  perceptible  at  the  extreme  ends  of  the 
pipe  line.  Compensators  are  not  usually  placed  in  lines  less  than 
50  feet  in  length,  but  in  lines  over  700  feet  long,  two  are  are  used, 
and  even  three  in  excessively  long  lines,  the  reason  being  that  for 
long  lines  the  angular  motion  may  be  too  great,  throwing  the  cranks 
off  the  central  position,  and  not  leaving  room  enough  for  their 
proper  motions,  when  the  lines  are  operated.  In  single  straight  lines 
of  pipes  a  compensator  with  longer  arms  is  coming  into  use,  as  a 
greater  change  of  temperature  can  be  provided  for,  the  longer  arm 
giving  less  angular  motion.  Compensation  can  sometimes  be  pro- 
vided in  part  at  least  by  a  suitable  arrangement  of  the  bell  cranks 
that  are  required,  since  they  may  be  set  to  change  the  motion,  and 
if  this  can  be  done  in  the  middle  of  the  run  the  compensation  is 
provided  for  without  any  other  device.  This  does  not  usually  hap- 
pen, although  there  is  usually  a  portion  of  the  line  that  is  compen- 


Fig.  11.     Compensators  for  Temperature  Changes  in  Length. 


sated  by  the  way  the  cranks  are  set.  It  is  often  quite  a  problem 
where  to  set  the  compensators  when  the  lines  have  many  bends 
and  operate  more  than  one  function.  In  such  cases  it  is  not  always 
possible  to  compensate  exactly,  although  it  may  be  close  enough  for 
practical  purposes.  In  the  case  of  a  "  cross-over  "  operated  by  one 
lever,  there  would  be  required  a  compensator  between  the  tower 
and  the  near  end  of  the  cross-over  and  another  between  the  two 
switches.  In  placing  these  the  length  of  the  cross-runs  from  the 
main  lines  of  pipe  to  the  switch  must  be  considered,  for  in  the  case 
of  another  track  intervening  this  length  might  be  15  feet  or  more 
in  length.  According  to  the  motion,  this  length  should  be  added 
to  or  substracted  from  the  main  run  between  the  first  switch  ami 
the  tower  in  placing  the  first  compensator  and  treated  in  the  oppo- 
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site  manner  as   to  the  distance  between  the  two  ends   of  the  com- 
pensator in  placing  the  second  compensator. 

Expansion  and  contraction  of  the  wire  Hnes  is  not  so  carefully 
provided  for,  since  it  is  not  so  necessary,  as  usually  the  functions 
operated  by  wire  do  not  require  so  accurate  a  transmission  of  mo- 
tion. Turnbuckles  are  provided  at  the  tower  in  each  wire  line  and 
also  at  the  signal  when  the  distance  is  great.  Many  wire  compen- 
sators have  been  inx'cnted,  but  few  are  in  use,  none  being  entirely 
successful.  They  depend  on  weights  to  take  up  the  slack  in  the 
wires,  and  this  is  apt  to  make  the  signal  pull  hard.  Possibly  this 
difficulty  in  compensation  has  as  much  to  do  as  anything  else  in 
leading  to  the  adoption  of  "power  distants."     For  slinrtcr  distances, 
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Fig.  12.      Interlocking   Machine — \'ertical   Type. 


the  temperature  does  not  have  enough  effect  to  cause  any  trouble. 
The  description  of  the  machine  has  been  left  to  the  last,  although 
it  is  the  most  vital  part  of  the  whole  apparatus  since  the  safety  of  the 
whole  plant  depends  on  the  correct  design  of  this  feature.  There  are 
two  principal  types  of  mechanical  machines,  the  horizontal  and  v^erti- 
cal.  With  the  former  the  locking  is  arranged  in  a  horizontal  plane, 
above  the  operator's  floor,  while  in  the  second,  the  locking  is  in  a 
vertical  plane  below  the  floor.  All  modern  machines  (except  a  few 
dwarf  machines  used  in  special  locations)  have  a  latch  or  preliminary 
locking,  so  that  the  the  first  operation  of  throwing  the  lever  which 
results  in  unlatching  it,  locks  up  all  conflicting  levers  and  no  other 
levers  are  released  until  the  stroke  of  the  lever  is  completed  and  it 
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is  latched.  The  lockin-;-  is  actuated  by  the  latch  by  means  of  a 
rocker  so  adjusted  that  when  the  latch  is  raised  the  rocker  is  moved 
a  part  of  its  travel,  but  its  center  is  so  placed  in  respect  to  the  ful- 
crum of  the  lever  that  it  does  not  move  while  the  lever  is  being 
thrown,  but  only  completes  its  stroke  when  the  latch  is  dropped 
behind  the  catch  at  the  end  of  the  stroke.  The  latch  having  then 
been  shifted  to  the  other  end  of  the  rocker,  its  motion  is  continued 
in  the  same  direction  as  it  started,  thus  completing  the  stroke  of  the 
locking.  This  rocker  in  some  form  or  other  is  a  feature  of  all 
modern  mechanical  machines.  The  locking  consists  of  two  sets  of 
moving  parts,  working  at  right  angles  to  each  other  and  supported 
in  a  proper  frame,  and  which  is  either  vertical  or  horizontal,  depend- 
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P"ig.  13      Details — Vertical  Machine. 

ing  on  the  type  of  the  machine.  The  set  of  bars  which  move  at 
right  angles  to  the  axis  of  the  machine,  are  connected  to  the 
rockers  above  mentioned,  being  known  as  tappets  in  the  vertical 
machine.       In    the    horizontal    type    of    machine    the    levers    are 

those  bars  moving  parallel  to  the  axis  of  the 
the  smaller    machines    these    are    also    the    same 

the  levers,  but  above  about  40  levers  they  may 
be  less  or  even  more,  depending  on  the  amount  of  locking  required. 
The  right  angle  series  is  here  called  cross-locking.  The  locking 
bars  in  either  case  is  moved  by  beveled  faces  of  the  two  series  bear- 
ing on  one  another  and  as  force  is  applied  to  those  of  one  series, 
the  longitudinal  bar  is  moved  also,  unless  it  is  held  by  a  locking 
in  some  other  place.  Fig.  13  illustrates  the  locking  of  a  vertical 
type  of  machine.  Here  the  tappets  are  shown  with  their  jaws 
ready  to  connect  to  the  segment  of  the  lever.  The  pointed  pieces 
fitting  into  notches  on  the  tappets  are  known  as  dogs  and  are  at- 
tached to  the  longitudinal  locking  bars.  On  levers  4  and  5  are  shown 
specials,  which  are  for  conditional   locking  as  will   be   notoil   later. 
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Machines  are  made  up  in  multiples  of  4,  and  if  a  number  of 
levers  is  required  that  is  not  such  a  multiple,  the  remaining  num- 
bers are  left  as  spare  spaces  for  future  changes.  Number  i  is 
usually  a  distant  signal;  then  follow  the  home  and  dwarfs  for  one 
direction.  The  highest  number  is  for  the  opposing  distant  signal, 
and  the  other  signals  follow  in  a  decreasing  series.  The  lock  and 
switch  levers  are  in  the  center,  with  the  spare  spaces  next  to  the 
signals.  In  big  machines  the  levers  are  often  grouped  so  that  the 
machine  may  really  be  a  collection  of  two  or  more  smaller  ones, 
closely  tied  together  by  suitable  lockings. 

It  can  easily  be  understood  that  the  locking  is  an  important  part 
of  the  whole  plant,  and  great  care  is  taken  in  properly  making  out 
the  locking  sheet,  which  is  merely  a  table  taking  the  lever  numbers 
in  rotation  and  showing  what  each  lever  locks  when  it  is  reversed. 
In  making  out  this  locking  sheet  all  levers  are  assumed  to  be  normal, 
that  is  back  in  the  frame  away  from  the  operator.  "No.  i "  is  first  con- 
sidered. As  this  is  usually  a  "distant,"  it  must  lock  all  home  signals 
that  it  governs  reversed;  that  is,  the  home  signal  levers  must  be 
pulled  over  towards  the  operator,  and  thus  "clearing"  the  signal 
before  the  distant  signal  can  be  "cleared,"  since,  as  above  described, 
a  clear  distant  signal  indicates  a  clear  route  through  the  limits  of  the 
interlocking.  The  home  signal  locks,  first,  all  opposing  signals  in 
the  stop  position,  and  must  lock  all  switches  in  the  proper  position 
for  the  route  controlled  by  it.  The  dwarfs  do  the  same,  except 
they  are  not  controlled  by  a  distant  signal.  The  lock  levers  lock 
the  switches  they  control  in  either  position  usually,  the  signal  pick- 
ing out  the  proper  position  of  the  switch,  with  derails;  the  locks 
lock  it  one  way  only,  reversed.  Usually,  locking  is  introduced  be- 
tween the  switch  levers,  so  that,  even  should  the  signal  be  dis- 
obeyed, trains  would  have  a  safe  route  or  be  derailed  before  having 
a  collision  with  another  train.  The  amount  of  locking  between 
switches  depends  on  the  engineer's  preferences  and  on  the  work  to 
be  done.  At  a  very  busy  place  much  of  the  locking  between 
switches  is  omitted,  so  as  to  save  unnecessary  movements  by  the 
operator.  Of  course,  when  crossings  are  involved  and  derails  are 
introduced  to  avoid  collisions,  the  locking  between  opposing  derails 
must  be  absolute.  It  is  often  necessary  to  introduce  special  or 
conditional  locking.  To  make  the  locking  between  various  func- 
tions positive  would  often  tie  up  the  plant  so  it  could  not  be  worked. 
These  specials  are  introduced  usually  on  the  switch  levers,  and 
are  so  arranged  that  the  locking  is  not  accomplished  unless 
that  switch  is  in  its  proper  position.  A  case  of  cross-over  in  a 
double  track  is  a  simple  example.  There  the  signals  on  one 
track  should  not  lock  the  functions  on  the  other  track  unless  the 
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cross-over  is  set  so  that  trains  may  pass  over.  This  requires  a 
"special"  on  the  cross-over  lever. 

After  the  locking  sheet  is  prepared,  the  "dog  chart"  is  made.  This 
is  a  sort  of  conventional  plan  of  the  locking,  and  shows  quite  plainly 
how  the  locking  is  to  be  arranged,  and  is  really  the  working  drawing 
from  which  the  shop  men  construct  the  machine.  As  it  is  more 
or  less  a  collection  of  symbols,  it  is  difficult  to  be  understood  except 
by  one  familiar  with  such  matters.  While  requiring  considerable 
skill  to  properly  arrange  it  so  that  the  locking  will  be  most  effect- 
ively and  economically  arranged,  it  does  not  require  quite  the  same 
skill  and  knowledge  as  to  make  out  the  locking  sheet. 

When  the  work  to  be  done  by  an  inter-locking  plant  is  large,  the 
distances  great,  or  quick  work  is  desired,  a  power  machine  is  used. 
Generally,  until  a  mechanical  machine  reaches  about  40  levers,  it 
docs  not  pay  to  consider  any  form  of  a  power  machine,  since  they 
are  more  expensive  both  to  install  and  to  operate,  and  also  requir- 
ing more  experienced  help  to  maintain.  When  a  machine  is  above 
the  size  mentioned,  it  is  a  question  whether  two  men  will  not  be 
required  on  a  shift,  although  if  not  a  busy  place  one  man  alone  can 
handle  a  much  larger  plant.  If  the  services  of  one  or  two  men  can 
be  saved,  this  saving  in  wages  will  pay  interest  on  a  large  invest- 
ment for  a  power  plant.  The  saving  of  men  results  from  less  phys- 
ical effort  being  required  and  also  because  the  machine  will  be 
smaller,  for  often  a  big  machine  may  have  not  over  half  the  levers 
of  a  mechanical  machine  to  do  corresponding  work. 

With  a  power  plant,  the  same  principles  apply  as  in  a  manual 
one.  The  signals  are  located  the  same,  have  the  same  names,  and 
give  the  same  indications.  At  the  switches  we  find  the  detector 
bars  of  the  same  design  and  often  using  exactly  the  same  fittings. 
The  only  difference,  then,  is  the  means  of  transmitting  the  power 
from  the  machine  to  the  function  to  be  operated.  There  are  now 
three  classes  of  power  machines  in  successful  operation:  the  "elec- 
tro-pneumatic," the  "low-pressure  pneumatic,"  and  the  "all-electric." 
In  the  first,  compressed  air  is  the  power,  but  electricity  is  used  to 
control  the  operating  valves,  by  means  of  a  proper  system  of  wiring 
between  the  tower  and  the  switches  or  signals.  The  air  pressure 
varies  from  60  to  80  pounds  per  square  inch,  and  the  supply  is 
kept  up  usually  by  an  independent  plant,  or  by  taking  air  under 
pressure  from  some  other  supply,  such  as  is  usually  found  at  a  rail- 
way terminal,  where  power  plants  have  their  greatest  field.  With 
the  low-pressure  plant  the  use  of  electricity  is  dispensed  with,  but 
a  double  system  of  pressures  is  used.  The  working  pressure  is 
about  16  pounds,  and  the  valves  admitting  the  operating  air  to  the 
various  c)lin(lcrs  are  controlled  by  a  separate  system  of  pipes, 
which  convey  the  air  under  a  pressure  of  5  or  6  pounds  t)nly.    The 
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air  for  power  can  be  obtained  from  the  usual  station  supply,  using 
a  reducing  valve  if  necessary,  or  an  independent  supply  can  be 
maintained  at  the  plant  by  the  use  of  steam,  gasolene  or  electric 
compressors.  The  all-electric  machines  use  electricity  only,  and 
the  direct  operating  current  of  i  lo  volts  passes  from  the  machine 
to  the  switch  or  signal,  where  is  located  a  motor  of  suitable  design 
for  the  work  to  be  done.  The  power  is  usually  generated  by  a 
gasolene  engine  belted  to  a  small  dynamo,  used  in  connection  with 
a  storage  battery  of  55  cells.  Electric  power  can  also  be  taken 
from  a  city  service,  using,  if  necessary,  a  suitable  transformer. 

An  important  adjunct  of  all  power  plants  is  the  "indications."  The 
operator  in  the  tower  of  a  mechanical  plant  can  tell  by  the  effort 
to  pull  the  levers  pretty  accurately  whether  it  is  doing  its 
work  properly  or  not;  certainly  there  is  no  mistake  when  a  con- 
nection is  broken,  or  stuck,  or  a  switch  point  held  open  by  some 
obstruction,  which  would  also  be  detected  by  the  facing  point  lock. 
With  the  power  machine,  however,  there  is  no  way  to  judge 
by  the  action  of  the  lever  what  has  been  done.  Therefore, 
the  "indication"  is  provided  which  tells  the  tower  man  that  the 
work  has  been  accomplished  and  he  can  take  advantage  of  it.  It 
has  been  found  necessary  that  something  more  than  a  mere  visual 
or  audible  notification  was  necessary,  so  the  scheme  was  developed 
of  preventing  the  lever  from  completing  its  stroke  and  releasing 
the  locking  until  the  function  had  indicated.  An  automatic  indi- 
cation has  been  developed,  so  that  on  receipt  of  the  indication  the 
stroke  of  the  lever  is  automatically  completed.  Without  this,  the 
operator  must  go  over  his  levers  a  second  time, "  putting  them 
"home"  as  fast  as  released.  On  a  large  and  busy  machine  this 
consumes  valuable  time.  The  "indication"  is  given  in  various  ways 
under  the  different  systems.  The  all-electric  and  the  electro- 
pneumatic  using  electricity  and  the  low-pressure  pneumatic  using 
air.  Careful  provision  has  to  be  made  so  that  a  false  indication  can 
not  be  received.  Signals  are  usually  indicated  in  the  normal  posi- 
tion only. 

A  switch  and  lock  movement  is  used  with  all  power  plants,  since 
there  is  ample  power  and  the  movement  can  be  so  designed 
as  to  be  as  safe  as  any  other  device.  The  only  limit  to  the  load  is 
that  of  correct  operation  of  the  plant,  since  it  requires  no  more 
effort  to  move  the  lever  regardless  of  the  load.  With  a  ladder  ex- 
tending across  a  switch  yard  with  a  series  of  slips,  the  number 
of  levers  in  a  power  plant  may  be  reduced  by  75  per  cent.  There 
is  no  difficulty  in  operating  opposite  ends  of  two  adjacent  slips  to- 
gether with  movable  point  frogs  and  all  the  bars  on  a  lever.  With 
a  manual  machine  this  would  require  six  levers  and  under  such  cir- 
cumstances the  saving  in  time  can  be  easily  imagined. 
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While  it  is  usual  to  speak  of  a  power  machine  having  levers,  it 
does  not  in  fact,  have  levers,  but  the  valves  or  electrical  contacts 
are  actuated  by  a  hatuUc  of  suitable  design.  The  locking  is  the 
same  as  the  mechanical,  but  of  lighter  design,  since  it  does  not  have 
to  stand  the  siunj  strain.  As  the  levers  are  usually  about  half  the 
distance  apart  and  fewer  in  number,  the  machine  can  be  set  in  less 
space,  requiring  a  less  expensive  tower  and  foundation. 

The  tower  in  any  plant  varies  in  design  with  every  road.  Usually 
they  are  12  to  15  feet  in  width,  the  large  horizontal  machines  need- 
ing even  more  space  than  this  and  of  a  length  sufficient  for  the 


Fig.  14.      Signal  Tower  with  Pipe  Runs. 


machine  and  still  have  room  for  the  operator's  table,  etc.  The 
operator  is  on  the  second  floor,  about  i  5  feet  above  the  rail.  Local 
•conditions  sometimes  requires  a  higher  tower,  or  a  lower  one  may 
be  used.  Small  machines  are  at  times  put  in  the  station  telegraph 
office.  At  some  places  it  is  not  necessary  to  have  a  man  in  attend- 
ance all  the  time,  but  the  signals  are  left  "clear"  for  the  important 
road.  When  anything  on  the  secondary  line  desires  to  cross,  a 
trainman  enters  the  cabin,  closes  the  route  on  the  main  line  and 
sets  up  his  own  route.  While  doing  this  he  locks  himself  in  the 
cabin  automatically  and  must  remain  there  until  he  is  through,  and 
the  signals  are  restored  to  their  normal  position  for  the  main  track. 
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The  lower  part  of  the  tower  is  used  for  the  lead  out  connections  in 
mechanical  work  and  some  times,  but  not  preferably,  as  a  lamp  room, 
or  for  such  other  purposes  as  maybe  desired.  In  power  plants  the 
lower  story  may  be  used  for  the  power  generating  outfit,  and  for 
storage  batteries. 

In  designing  an  interlocking  system  the  first  requisite  is  a  correct 
track  plan.  Unfortunately  this  is  not  always  obtainable,  so  that 
the  plant  has  to  be  laid  out  on  what  plans  can  be  found.  All 
changes  of  tracks  and  future  changes  should  be  carefully  consid- 
ered, but  it  is  every  signal  engineer's  experience  that  this  is  too 
often  left  until  plans  are  drawn  up  or  even  the  contract  let.  Gen- 
erally two  or  more  roads  are  conccrncc.  in  a  plant,  and  the  difficulty 


Fig.  15.      Signal   Tower  at  Crossing. 

of  getting  an  agreement  increases  with  the  number  of  roads  inter- 
ested. After  the  plan  is  obtained  and  tower  located,  it  is  signaled 
up  in  accordance  with  the  principles  above  stated.  Careful  con- 
sideration must  be  given  to  the  train  movement,  and  the  operating 
departments  must  be  consulted.  Each  road  involved  has  its  own 
specifications  and  these  must  be  known  and  taken  into  consideration. 
The  machine  is  usually  so  placed  that  the  operator  faces  the 
main  track.  The  plan  is  numbered,  beginning  at  the  operator's 
left.  As  above  stated,  the  signals  are  at  the  ends.  If  wire-con- 
nected, the  arrangement  docs  not  make  very  much  difference;  but 
the  convenience  of  the  operator  must   be  considered.      In  number- 
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ing  the  locks  and  switches,  some  care  must  be  taken  to  so  arrange 
them  that  the  connections  will  be  in  good  shape,  both  as  to  appear- 
ance and  easy  working.  There  are  a  great  many  points  to  be  con- 
sidered, so  that  It  is  diHicult  to  give  any  set  rules;  but  the  engineer 
must  draw  on  his  experience  and  knowledge  of  conditions  to  be 
met.  One  lever  is  now  allowed  to  each  signal,  the  use  of  selectors 
by  which  two  signals  were  operated  by  one  lever  being  now  prac- 
tically abandoned.  Usually  no  more  than  two  bars  or  two 
switches  are  allowed  for  a  lever.  One  switch  and  lock  movement 
is  a  fair  load  for  the  operator.  The  distance  has  something  to  do  with 
the  load,  for  if  over  i  ,000  feet  away  loads  must  be  lightened,  but  it  is 
not  very  good  practice  to  work  switches  much  over  that  distance. 

Block  signaling  can  be  almost  considered  as  a  separate  branch 
of  the  art,  although  it  is  always  handled,  in  its  more  complete 
forms  at  least,  by  the  signal  department.  The  spacing  or  block- 
ing of  trains  at  first  was  accomplished  by  the  time  interval;  that  is, 
one  train  must  not  leave  a  given  point  until  the  preceeding  train 
has  been  gone  10  or  15  minutes.  This  system,  while  a  great  ad- 
vance over  no  blocking,  has  one  fatal  defect,  and  that  is,  should 
the  first  train  run  slowly  or  break  down,  the  second  train  might 
easil}'  overtake  it,  even  should  the  flagman  be  alert.  While  the 
"time  interval"  system  has  its  uses,  the  "space  interval"  is  now  the 
recognized  system.  It  is  not  difficult  to  introduce  the  block  sys- 
tem. By  equipping  each  telegraph  office  with  semaphores  and 
setting  aside  a  telegraph  wire  for  block  work  alone,  all  the  requi- 
sites are  found.  Of  course,  it  all  depends  on  the  operator;  but  so 
m-uch  safety  can  be  secured  by  so  little  expense  that  it  is  strange 
that  railroads  do  not  adopt  the  "telegraph  block"  much  more  rap- 
idly than  they  are  doing.  For  telegraph  block  work  a  double  arm 
semaphore  is  used,  with  one  arm  on  each  side  of  the  post  and 
pointing  in  opposite  directions  for  trains  proceeding  in  either  direc- 
tion. These  signals,  which  can  also  be  used  for  train  order  signals, 
are  usually  placed  near  the  telegraph  office  and  are  operated  by  a 
small  lever,  or  even  a  simple  cord,  within  easy  reach  of  the  oper- 
ator's desk.  Naturally,  the  method  of  operation  varies.  Perhaps 
the  most  common  way  is  to  have  the  signal  at  danger,  except  when 
a  train  is  actually  approaching,  when  it  is  "cleared,"  provided  there 
is  no  train  in  the  block  ahead.  Where  traffic  is  heavy,  permissive 
blocking  is  resorted  to,  by  which  a  train  is  admitted  to  a  block 
when  it  is  occupied  by  a  preceding  train;  but,  by  cautioning  the 
train  crew  that  it  has  not  a  clear  block.  This  is  usually  done  by 
some  kind  of  a  card  to  be  filled  out  by  the  operator  to  suit  the 
local  conditions.  A  record  sheet  is  usually  kept  at  each  station  to 
show  the  time  of  departure  of  each  train  and  its  clearance  at  the 
end  of  the  block. 

With  m;in\'  trains  and  numerous  other  duties  to  perform,  it  is  not 
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easy  for  the  operator  to  give  sufficient  time  to  the  blocking  cf 
trains,  so  that  it  is  easy  for  him  to  carelessly  or  through  misunder- 
standing to  give  a  "clear"  signal  when  the  block  is  occui)ied.  A 
simple  and  effective  remedy  is  found  in  the  track  electric  circuit  b) 
which  the  trains  automatically  control  the  block.  While  not  usually 
found  in  connection  with  a  simple  telegraph  block,,  the  track  circuit 
will  be  here  described  :  Each  rail  is  bonded  electrically  around  the 
joints  similar  to  the  way  a  trolly  track  is  treated  but  using  a  much 
lighter  bond,  and  iron  instead  of  copper  wire  is  used.      In  this  way 


Fig.  IG.     Telegraph  Block  Signal. 

each'rail  becomes  an  electric  conductor.  At  one  end,  a  battery  is 
introduced,  generally  of  two  cells,  of  blue-stone,  or  of  a  gravity  type 
being  used,  and  placed  in  a  wooden  or  iron  chute,  buried  m  the 
ground,  to  keep  from  freezing,  and  with  one  pole  connected  to  each 
rail.  At  the  other  end  of  the  circuit,  a  "  relay  "  is  introduced  be- 
tween the  rails  so  that  the  current  must  flow  through  the  coils. 
The  circuits  are  limited  by  means  of  insulated  joints;  that  is  in 
place  of  the  ordinary  angle  splice  bars  connecting  the  rail  ends,  a 
special  device  is  used  with  fibre  parts,  so  arranged  as  to  give  insula- 
tion of  one  rail  from  another.  Sometimes  merely  wooden  blocks 
are  used,  with  fibre  end  parts  between  the  rail  joints,  but  thete  are 
difficult   to   maintain  and   have  been  displaced  by  a  more  durable 
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joint.  Since  the  rails  are  not  insulated  from  the  ties  or  ballast,  an 
electric  current  of  low  potential  must  be  used  in  the  track  circuit 
and  hence  the  circuit  cannot  be  too  long,  but  must  be  divided  into 
sections.  While  they  may  be  operated  a  mile  or  more,  generally  a 
less  length  is  found  to  give  the  best  results.  From  the  relay, 
wires  carrying  a  heavier  current  are  run  to  the  device  controlling 
the  signal.  All  diverging  switches  must  be  insulated  to  prev^ent 
crosses  and  also  to  prevent  them  from  being  opened  without  dis- 
playing a  stop  signal. 

As  business  increases  especially  with  a  double  track  road,  it  may 
become  necessary  to  introduce  the  manual  controlled  block.  Here 
are  found  the  block  signals  and  the  track  circuit,  but  the  operator 
is  not  free  to  clear  the  signal  when  he  thinks  he  should,  but  by 
means  of  the  track  circuit  the  train  itself  controls  the  block,  by 
the  fact  that  the  wheels  and  axles  of  the  train  form  a  better  path 
for  the  track  circuit  current  than  the  relay  does,  so  that  the  latter 
is  demagnetized,  and  opening  the  controlling  circuit.  With  a  con- 
tinuous track  circuit  all  that  may  be  necessary  is  an  electric  slot  in 
the  signal  so  that  when  the  circuit  is  broken,  the  connection  be- 
tween the  wire  and  the  signal  is  also  broken,  the  slot  consisting  of 
a  catch  actuated  by  a  magnet.  When  it  is  not  desired  to  use  a  con- 
tinuous track  circuit,  quite  a  complicated  device  is  necessary  at  each 
station  to  fulfill  all  the  conditions,  but  it  has  been  successfully  done. 

The  interlocking  plants  can  be  introduced  into  the  block  system 
by  considering  the  home  signal  as  a  block  signal  also,  or  even  intro- 
ducing a  separate  block  or  advance  signal.  The  latter,  if  properly 
located,  increases  the  capacity  of  the  system,  since  a  train  may 
wait  and  allow  another  train  also  to  come  up  to  the  home  signal 
behind  it.  Where  there  is  a  junction  this  is  quite  necessary,  in 
order  to  get  trains  over  the  road  promptly.  Many  roads  are  now 
interlocking  not  only  their  crossings  and  junctions,  but  the  sidings 
and  crossovers  as  well.  This,  forming  part  of  the  manual  block 
with  all  remote  switches  electrically  locked,  is  about  as  perfect  pro- 
tection as  can  be  given  to-day,  or  as  is  needed. 

In  many  cases  it  is  necessary  to  introduce  the  block  system  with- 
out the  interlocking,  on  account  of  lack  of  money  or  time.  Then 
the  automatic  signal  comes  in  use.  In  its  present  form,  this  is  a 
regular  semaphore  operated  by  gas  or  an  electric  motor.  In 
either  case,  this  is  controlled  by  the  track  circuit.  They  can  be 
introduced  between  interlockings  to  shorten  up  a  block  when  it  is 
not  desired  to  add  to  the  expense  of  maintaining  a  tower  for  block- 
ing alone.  In  a  system  of  automatics,  if  they  are  spaced  not  over 
a  mile  apart  each  signal  has  two  arms,  the  distant  signal  for  the 
next  home  being  in  the  front,  so  that  a  train  receives  an  intlication 
for  two  blocks  ahead.  If  both  blocks  are  "clear."  both  the  home 
and  distant  are  clear.      If  onlv  one  block   is   clear,  then   the  home 
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signal  only  clears,  and  the  distant  signal  remains  at  caution.  Where 
the  blocks  are  long,  it  is  better  to  place  the  distants  on  separate 
posts,  a  suitable  distance  in  the  rear  of  its  home.  It  can  easily  be 
understood  that  there  must  be  quite  a  complication  of  circuits  to 
take  care  of  all  the  conditions  that  arise,  especially  when  it  is  con- 
sidered that  an  indication  should  be  placed  at  each  switch  to  show 
when  a  train  approaches,  so  that  it  may  not  be  opened. 

The  location  of  a  series  of  automatic  signals  is  an  important 
matter,  needing  careful  attention  of  the  operating  department,  as 
well  as  the  signal  engineer.  While  at  an  interlocking  the  signals 
are  practically  all  located  by  fixed  rules,  automatic  signals  must  be 
so  placed  as  to  give  the  best  results.  The  grades,  stations,  water- 
tanks,  etc.,  must  all  be  considered.  The  question  of  passing  sid- 
ings is  an  important  one,  and  it  is  difficult  to  locate  signals  in  such 
places  so  as  to  give  the  proper  indications  without  too  great  com- 
plications, and  hardly  any  two  engineers  will  agree  as  to  the 
arrangement,  which  is  to  be  expected,  as  hardly  two  roads  use 
their  passing  sidings  in  the  same  way.  A  very  satisfactory  plan 
where  lap  sidings  are  used — that  is,  for  single-track  roads  where  a 
separate  siding  is  used  for  trains  in  each  direction,  with  the  ends 
overlapping  each  other — is  to  interlock  these  two  ends  and  control 
the  far  or  outgoing  ends  by  electric  locks.  The  advance  or  block 
signal  may  then  be  placed  nearly  to  the  end  of  the  siding,  and  so 
arranged  that  when  a  train  is  passing  out  it  is  held  at  danger. 

Automatic  signals  are  operated  on  the  normal  "danger"  or 
normal  "clear"  plan,  each  of  which  has  its  advocates  among  the 
signal  engineers  of  the  country,  and  each  has  strong  arguments 
for  its  use.  By  analogy  to  interlocking  plants  where  the  signals 
are  normally  at  "stop,"  the  first  method  has  a  strong  argument  in 
its  favor,  and  perhaps  is  what  has  given  that  arrangement  so  strong 
a  foothold.  Lately  the  normal  "clear"  has  made  much  headway, 
and  while  it  apparently  violates  the  first  principle  of  signaling,  viz.: 
that  every  failure  must  be  at  the  stop  position,  yet  it  is  not  proven 
that  it  will  remain  in  the  "  clear  "  position  if  there  be  a  failure  any 
more  certainly  than  the  normal  "danger."  It  has  in  its  favor  less 
complicated  circuits.  One  difficulty  with  the  normal  danger  is  the 
long  distance  back  of  it,  that  the  clearing  track  circuit  must  be 
placed,  especially  with  high-speed  trains.  If  there  be  a  distant  signal, 
this  should  not  properly  be  "cleared"  until  after  its  "home"  has  clear- 
ed, which  still  further  increases  the  time,  and  hence  the  distance, 
in  the  rear  of  the  point  at  which  the  train  clears  the  home  signal. 

The  question  of  signaling  has  by  no  means  been  exhausted  in 
this  paper,  but  what  has  been  said  it  is  hoped  will  give  some  idea 
of  its  importance  to  modern  railways,  and  it  is  hoped  that  these 
remarks  may  lead  to  further  interest  in  the  matter,  and  that  it  may 
give  the  members  of  the  Society  a  glimpse  of  some  of  the  diffi- 
culties encountered  by  the  signal  engineer. 
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D.  C.  Morgan,  J/.  \\\  S.  E.  (by  letter)-  The  paper  prepared  by 
Mr.  G.  E.  Ellison  "  Railroad  Signaliii*^ "  omits  at  the  outset  one  of 
the  essential  functions  of  signaling  appliances.  It  may  be  regarded 
primarily  that  safety  is  the  first  essential  of  signal  installations,  but 
the  facility  these  devices  afford  in  the  conduct  of  transportation  is 
an  element  of  very  great  importance  and  gives  a  broader  meaning 
and  a  broader  effect  as  regards  both  function  and  cost  than  can  be 
attributed  to  the  individual  appliance.  The  field  of  usefulness  of 
the  signal  engineer  is  largely  confined  to  the  details  of  the  devices, 
while,  to  the  operating  official,  it  involves  the  effectiveness  of  the 
devices  from  the  standpoint  of  safety  and  the  facility  their  installa- 
tion affords  in  conducting  transportation. 

The  preparation  necessary  to  completely  fulfill  the  purposes  of 
signaling  involves  many  expenses  which  do  not  appear  as  a  part  of 
the  cost  of  the  device.  It  does  not  seem  that  this  is  clearly  under- 
stood, but  it  is,  nevertheless,  true  that  the  cost  of  appliances  them- 
selves as  related  to  the  cost  of  preparation  necessary  to  their  suc- 
cessful operation  is  comparatively  small. 

One  of  the  criticisms  heard  of  American  practice  in  signaling 
may  be  termed  lack  of  permanency;  that  is,  the  dominating  factor 
does  not  lead  to  installations  of  a  stable  or  permanent  character.  In 
this  respect,  great  difference  is  found  in  a  comparison  of  American 
and  European  de\'ices,  the  latter  being  heavier,  and,  in  many  ways, 
designed  to  better  withstand  the  elements  and  the  wear  and  tear  to 
which  they  are  subjected ;  the  result  being  that,  while  the  initial 
cost  of  our  devices  is  less,  the  relative  life  is  also  less  and  the  cost 
of  maintenance  is  greater. 

It  is  not  to  be  presumed,  however,  that  these  facts  indicate  lack 
of  foresight  on  our  part.  In  fact,  there  are  elements  which  would 
point  to  the  belief  that  our  practice  is  really  the  best  under  the  cir- 
cumstances effecting  railway  operations  in  America.  This  would 
lead  us  to  consider  the  great  undertakings  of  grade  and  alignment 
revisions  now  going  on  throughout  the  country,  and  to  the  ever- 
changing  conditions  of  commercial  development,  all  of  which  indi- 
cate that  railway  managements  appreciate  that  our  railways  have 
not  yet  reached  a  state  of  physical  perfection  such  as  to  enable  the 
most  economical  handling  of  traffic,  and  are  also  quite  unable  to  fore- 
see what  elements  will  effect  our  commercial  development,  and  the 
consequent  volume  of  traffic. 

With  these  important  factors  to  consider,  it  is  manifest  that  what 
may  be  considered  an  efficient  installation  to-day  is  not  unlikely  to 
be  rendered  useless  in  a  decade.  Not  only  these  facts,  but  also  the 
rapid  development  and  improvement  of  the  devices  themselves  lead 
us  to  be  cautious  lest  we  find  shortly  that  the  appliances  we  have 
taken  such  pains  to  install  are  entirely  behind  the  times. 
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The  ingenuity  and  skill  which  is  being  constantly  brought  to  bear 
to  improve  the  present  appliances,  and  the  tact  that  they  arc  con- 
tinually being  improved,  shows  conclusively  that  we  have  not 
reached  a  state  of  perfection. 

There  have  been  some  suggestions  made  that  a  National  Law 
should  be  enacted,  giving  to  the  National  (jovernment  the  power  to 
control  safety  appliance  of  this  character.  It  may  be  that  thecjues- 
tion  of  "States  Rights"  has  been  effectively  disposed  of  in  some 
respects,  but  it  does  not  appear  clear  that  the  United  States  Gov- 
ernment has  the  right  to  interfere  with  the  sovereignity  of  the  state 
in  controlling  safety  appliances  until  it  shall  first  take  from  the 
state  its  right  to  proscribe  maximum  rates  of  freights  and  fares 
within  its  limits,  and  annul  the  enforcement  of  other  laws  pertain- 
ing to  railways,  which,  at  this  time,  seem  to  come  clearly  within  the 
prerogative  of  the  state. 

I  present  these  points  in  the  hope  that  they  may  lead  to  some 
discussion  of  this  phase  of  the  subject,  it  being  my  belief  that,  in  a 
very  large  measure,  can  the  railway  companies  be  relied  upon  to 
voluntarily  install  such  appliances  as  are  necessary  to  safeguard  the 
traveling  public. 


FLEXURE  OF  REINFORCED  CONCRETE  BEAMS. 

By  Arthur  N.  Talbot,  M.  \V.  S.  E. 

Professor  of  Municipal  and  Sanitary  Engineering,   in  charge  of  Theoretical  and 
Applied  Mechanics,  University  of  Illinois. 

It  is  not  strange  that  a  diversity  of  views  and  opinions  exists  con- 
cerning the  action  of  a  combination  of  steel  and  concrete  and  the 
proper  method  of  calculating"  the  strength  of  reinforced  concrete 
beams.  The  method  of  construction  is  relatively  new.  The  proper- 
ties of  concrete  are  not  as  regular  nor  as  well  defined  as  those  of 
structural  steel.  Different  investigators  have  worked  under  different 
conditions  and  for  different  ends.  The  assumptions  sometimes 
made  in  deriving  theories  have  been  found  not  to  be  supported  by 
experimental  data.  Certain  properties  are  defined  and  used  differ- 
ently by  different  investigators.  Conflicting  opinions  are  held  on 
the  effect  of  shear,  the  appearance  of  cracks,  the  conditions  for 
maximum  strength,  and  the  distribution  of  stresses.  It  is  too  much 
to  expect  that  the  final  status  of  the  design  of  reinforced  concrete 
beams  will  be  established  at  once,  and  any  c  mtribution  to  our  knowl- 
edge of  this  subject  may  be  useful  in  fixing  principles  and  settling 
differences. 

It  is  the  purpose  here  to  present  a  summary  of  tests  of  rein- 
forced concrete  beams  made  in  the  Laboratory  of  Applied  Mechan- 
ics of  the  University  of  Illinois,  and  briefly- to  discuss  some  of  the 
analytical  phases  of  the  resistance  of  such  beams  to  flexure.  These 
tests  were  planned  not  to  cover  the  field  of  experiment,  but  rather 
to  discover  the  effect  of  certain  conditions  and  to  uncover  the  field 
for  future  investigation.  The  number  of  variable  elements  was 
made  as  small  as  possible.  For  example,  the  effect  of  shearing 
stresses  was  considered  only  so  as  to  avoid  failure  by  shear.  Some 
of  the  differences  in  conditions  were  put  out  as  feelers  rather  than 
with  the  expectation  of  making  final  determinations. 

In  planning  the  series  the  following  matters  were  kept  in  mind, 
as  being  important  elements,  not  fully  accepted  by  investigators : 
I,  The  general  action  of  the  beam  during  the  progress  of  loading 
and  the  method  of  its  final  failure  ;  2,  The  amount  and  character 
of  the  deformations  in  the  steel  reinforcement  and  in  the  concrete, 
and  so  far  as  possible  the  amount  of  the  stresses  therewith  devel- 
oped;  3,  The  effect  of  the  form  of  reinforcing  bar;  4,  The  effect 
of  the  amount  of  reinforcement;  5,  The  position  of  the  neutral 
axis  and  the  measure  of  the  resisting  moment  of  the  beam.  Experi- 
mental work  was  also  done  on  the  adhesive  bond  of  steel  and  con- 
crete and  on  the  coefficient  (modulus)  of  elasticity  of  concrete  in 
tension  and  compression  as  having  a  bearing  on  the  flexural  actit^i 
of  beams. 
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View  of  Beam  After  Completion  of  Test. 


Limitations  of  floor  space  reduced  the  number  of  beams  for-the 
several  kinds  and  amounts  of  reinforcement  below  what  had  been 
planned,  but  the  general  action  and  behavior  of  all  the  beams  was 
so  similar  that  the  writer  is  disposed  to  place  more  reliance  on  the 
results  of  individual  beams  than  he  generally  does  in  experimental 
work,  and  particularly  more  than  can  be  placed  on  small  concrete 
beams.  Twenty-two  reinforced  concrete  beams  were  tested.  Their 
dimensions  were  15  feet  4  inches  length,  12  inches  width,  and  13^ 
inches  depth.  The  center  of  the  metal  reforcement  was  placed  12 
inches  below  the  top  of  the  beam.  In  some  of  the  beams  with  a 
large  amount  of  reinforcement  part  of  the  rods  were  inclined  or  bent 
diagonally  upward  from  the  third  points  of  the  beam  to  a  level 
above  the  middle  of  the  beam  at  its  ends  with  a  view  of  obviating 
possibilities  of  failure  by  shearing.  The  span  used  was  14  feet. 
The  load  was  applied  equally  at  two  points,  the  third  points  of  the 
span.  This  loading  does  not  differ  greatly  in  maximum  bending 
moment  and  in  the  shear  at  the  ends  from  the  conditions  for  uni- 
form loading  and  has  the  advantage  for  the  measurement  of  deform- 
ations that  the  stresses  except  for  the  dead  load  are  equal  at  all 
points  between  the  two  load  points.  The  bending  moment  of  the 
applied  load  is  ^  W  1  for  the  middle  third  of  the  beam. 

Chicago  AA  Portland  cement  bought  in  the  open  market  was 
used.  I  to  3  mortar  gave  233  pounds  in  7  days  and  400  pounds 
in  60  days.  The  sand  was  fairly  clean  and  well  graded  in  size  and 
contained  29  per  cent  voids.  The  stone  was  crushed  limestone. and 
ranged  between  Y^  inch  and  i  )^  inches  in  size,  and  contained  44 
per  cent  voids.     The  concrete  was  by  loose  volume    i    cement,  3 
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sand,'6  stone.  Concrete  beams  having  the  dimensions  of  the  rein- 
forced concrete  beams  gave  a  modulus  of  rupture  of  343  pounds  per 
square  inch,  counting  both  the  applied  load  and  the  weight  of  the 
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beam.  6-inch  concrete  cubes  gave  an  average  compressive  strength 
of  2,030  pounds  per  square  inch  at  60  days. 

For  the  reinforcement  plain  round  rods,  plain  square  rods,  John- 
son corrugated  bars,  Thacher,  Ransome  and  Kahn  bars  were  used. 
The  amount  of  reinforcement  varied  from  0.6  square  inch  of  metal 
to  2.4  square  inches,  or  0.42  per  cent  to  i  7^  per  cent  of  the  area  of 
concrete  above  the  center  of  reinforcement.  The  yield  point  of 
the  plain  bars  and  of  the  Kahn  and  Hiacher  bars  was  between 
32,000  and  35,000  pounds  per  square  inch.  The  yield  point  of  the 
Johnson  bars  was  between  55.000,  and  6o,ooo  pounds  per  square 
inch.  The  yield  point  of  the  Ransome  bars,  not  determined,  was 
also  high. 

The  beams  were  made  directly  on  a  concrete  floor,  except  that  a 
strip  of  building  paper  was  placed  under  them,  and  they  were  not 
disturbed  from  this  position  until  taken  to  the  testing  machine. 
The  iK'ams  were  tested  at  6d  days'  age,  the  greatest  variation  from 
this  being  3  days.  This  age  was  sufficient  to  reduce  the  variations 
in  properties  of  the  concrete  due  to  differences  in  moisture  and  ;  t- 
mospheric  conditions  to  a  relatively  small  amount.  Care  was  taken 
to  have  the  work  of  mixing  done  uniformU',  and  the  general  appear- 
ance and  behavior  of  the  concrete  was  quite  unifoini. 
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Usual  Arrangement  of  Apparatus. 

The  tests  were  made  on  an  Olsen  testing  machine  of  200,000 
pounds  capacity,  with  beam  attachment.  'I'he  extensometer  de- 
vice was  careftdly  planned  and  cahbrated  and  it  is  behevcd  that  the 
measurements  are  trustworthy.  Each  frame  of  the  extensometer 
device  was  attached  to  the  beam  by  two  pairs  of  screws,  one  pair 
generally  being  placed  against  the  sides  of  the  beam  i  J/(  inches  be- 
low the  top  of  the  beam,  and  the  other  pair  i  y^  inches  above  the 
bottom  of  the  beam.  The  gauge  length  was  generally  about  6i 
inches.  Four  extensometers,  modified  forms  of  the  Johnson  instru- 
ment, were  used,  their  position  being  above  and  below  the  contact 
screws,  but  directly  in  line  with  them.  They  read  to  -jTy^uTj-inch. 
The  beams  rested  on  rocking  supports,  allowing  longitudinal  adjust- 
ment with  elongation  of  lower  side  of  beam  and  deflection  of  beam. 
At  the  two  load  points  2-inch  steel  cylindrical  pins  were  placed  and 
the  I-beam  through  which  the  load  was  applied  rested  on  these. 
With  the  appliances  used  an  end  compression  estimated  to  be  equal 
to,  say,  3  per  cent  of  the  compressive  stresses  in  the  beam  would 
be  necessary  before  longitudinal  adjustment  would  be  made.  In 
other  words,  the  tension  was  relieved  by  this  amount.  Bearing 
plates  with  a  layer  of  plaster  of  paris  were  placed  above  and  below 
the  beam  to  give  uniform  distribution  across  the  width  of  the  beam. 

Diagrams — Several  typical  load-deformation  diagrams  are  given 
showing  the  relation  between  the  applied  load  as  ordinates  (not  in- 
cluding the  weight  of  the  beam  which  has  already  stressed  the 
fibers  when  the  instrument  is  read  at  zero  load)  and  the  deforma- 
tion per  unit  of  length  as  abscissas.  From  the  readings  of  the  ex- 
tensometers (which  it  will  be  remembered  were  above  and  below 
the  beam  and  hence  gave  magnified  values)  the  shortening  of  the 
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upper  surface  of  the  beam  was  calculated  and  this  shortening  was 
divided  by  the  gauge  length,  which  was  in  the  neighborhood  of  6i 
inches.  This  gives  the  compressive  deformation  per  unit  of  length 
marked  "Upper  fiber"  on  the  diagrams.  .Similarly  the  elongation 
of  the  beam  at  the  level  of  the  center  of  the  steel  reinforcement 
Was  calculated,  and  this  elongation  divided  by  the  gauge  length  is 
marked  "Steel"  on  the  diagram.  The  calculations  are  based  on 
the  assumptions  that  a  plane  section  before  bending  remains  a  plane 
section  after  bending  and  that  the  steel  elongates  the  same  as  the 
concrete  at  the  same  depth.  Generally  the  cxtensometers  were 
taken  off  at  the  maximum  load.  The  deflections  at  the  middle  of 
tlie  length  of  the  beam  are  also  shown,  a  second  scale  of  abscissas 
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being  used  for  this.  The  upper  part  of  the  diagrams  gives  the  suc- 
cessive positions  of  the  neutral  axis  obtained  under  the  same  assump- 
tions as  above.  The  ordinates  denote  this  position  in  per  cent  of 
the  distance  from  the  top  of  the  beam  to  the  center  of  steel  rein- 
forcement for  the  applied  loads  given  on  the  scale  of  abscissas. 

TA15I.K — The  table  gives  the  stresses  found  in  the  steel  reinforce- 
ment and  the  resisting  moment  developed  by  the  steel  at  certain 
loads,  as  calculated  by  the  methods  and  assumptions  here  described. 
The  column  "  Load  considered  "  is  the  applied  load  somewhat  below 
the  maximum  load  and  for  which  elongations  and  shortenings  are 
definitel}'  known  and  hence  is  the  loatl  used  in  the  calculations  for 
the  succeeding  columns.     The  stress  in  steel  is  baseil  upon  the  oh- 
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served  deformations,  using  the  modulus  of  elasticity  found  for  the 
naked  steel  bars.  ;//  is  the  distance  of  the  neutral  axis  below  the 
top  of  the  beam  found  as  explained  hereafter.  The  position  of  the  cen- 
ter of  f]^ravity  or  centroid  of  the  compressive  stresses  is  taken  in  the 
calculations  to  be  four-elevenths  of  the  distance  down  to  the  neutral 
axis.  This  position  is  the  result  of  analysis  which  cannot  be  given 
here  and  is  close  to  the  usual  assumptions  which  take  into  account 
the  varying  relation  between  stress  and  deformation  in  concrete; 
nor  will  the  difference  between  this  position  and  that  resulting  from 
the  assumption  of  a  constant  modulus  of  elasticity  give  a  serious 
error.  The  moment  of  resistance  of  the  beam,  neglecting  tension 
in  the  concrete,  is  found  by  multiplying  the  tension  in  the  steel  as 
found  from  the  the  deformation  and  modulus  of  elasticity  by  the  dis- 
tance from  the  center  of  the  steel  to  the  centroid  of  the  compressive 

stresses  in  the  concrete,  rt' ;;/,  where  d  is   the  vertical  distance 

II 

from  the  top  of  the  beam  to  the  center  of  the  steel  reinforcement. 
This  is  readily  seen  to  give  the  resisting  moment,  or  if  not  refer- 
ence may  be  made  to  the  discussion  on  resisting  moment  given  fur- 

M  R 

ther  on.     The    column  ^  gives  the  ratio  of  the  resisting  moment 

calculated,  as  shown  above,  to  the  bending  moment,  at  any  point 
between  the  loads.  The  last  column  gives  the  same  ratio  with  the 
bending  moment  augmented  by  the  estimated  proportion  of  the 
weight  of  the  beam  which  the  broken  tensile  fibers  of  the  concrete 
have  transferred  to  the  steel.  Further  uses  of  the  table  will  be 
apparent  in  the  further  references  to  it. 

General  Phenomena  of  the  Tests — A  study  of  the  tests  and 
of  the  load-deformation  diagrams  shows  four  stages  of  flexure  dur- 
ing the  progress  of  the  loading.  Through  the  first  stage,  as  the 
load  is  applied,  the  action  of  the  beam  and  the  changes  in  de- 
formations of  upper  and  lower  fibers  are  similar  to  those  in  plain 
concrete  beams,  modified  of  course  by  the  metal  reinforcement ; 
and  the  resistance  of  the  tensile  stresses  of  the  concrete  is  plainly 
apparent.  When  a  load  of  about  4,000  pounds  for  y*ii  per  cent  re- 
inforcement and  of  about  6,000  pounds  for  1.5  per  cent  reinforce- 
ment is  reached  (equivalent  to  about  250  pounds  per  square  inch 
tension  in  the  extreme  fiber  of  the  concrete  for  its  share  of  the  ap- 
plied load,  and  350  pounds  per  square  inch  when  the  weight  is  con- 
sidered), the  second  stage  begins.  The  steel  elongates  more  rapidly 
with  the  application  of  the  loading,  there  is  a  similar  increase  in  the 
compression  of  the  concrete,  the  neutral  axis  rises,  and  there  is  a 
marked  change  in  the  character  of  the  load-deformation  diagram. 
While  no  cracks  are  visible  to  the  naked  eye  at  this  second  stage, 
it  is  evident  that  much  of  the  tensional  value  of  the  concrete  has 
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been  lost.  This  stage  maybe  called  the  readjustment  stage.  Dur- 
ing the  third  stage  the  increments  of  the  deformation  of  the  steel 
are  closely  proportional  to  the  increments  of  the  loads,  as  shown  by 
the  straight  line  of  the  load-deformation  diagram,  and  the  compressive 
deformations  generally  approximate  a  straight  line.  Durmg  this^ 
stage  vertical  cracks  appear,  generally  quite  numerous  and  well  dis- 
tributed along  the  middle  third  of  the  length  of  the  beam,  and  grow 
in  width;  but  this  appearance  is  not  accompanied  by  any  change  in 
the  character  of  the  load-deformation  diagram.  This  stage  continues 
until  a  point  at  or  near  the  maximum  load  is  reached,  except  with 
those  beams  having  an  excess  of  reinforcement.  The  last,  or  stage 
of  failure,  begins  at  or  near  the  maximum  load.  The  beam  deflects 
more  and  more,  the  load  required  to  balance  the  scale  beam  becoming 
less  and  less.  The  steel  stretches  rapidly,  the  neutral  axis  changes 
position,  and  there  is  a  more  rapid  compression  of  the  upper  fiber  of  the 
concrete,  until  finally  the  concrete  crushes  out  at  the  top  of  the  beam 
at  a  load  below  the  maximum  and  after  the  steel  has  stretched  con- 
siderably beyond  its  yield  point.  The  diagrams  of  Beams  14,  16, 
17  and  19  show  deformations  beyond  the  maximum  load.  The 
exception  to  the  above  is  in  beams  having  more  than  i  per  cent  of 
metal  of  35,000  pounds  per  square  inch  elastic  limit  or  more  than 
I  Yi  per  cent  of  33,000  pounds  per  square  inch  elastic  limit.  In  such 
beams  the  concrete  at  the  top  of  the  beam  fails  by  crushing  before 
the  elastic  limit  of  the  steel  is  reached.  In  all  the  other  beams  the 
full  compressive  strength  of  the  concrete  was  not  developed  at  the 
maximum  load.  It  may  be  noted  that  the  deflection  curve  does  not 
change  its  character  until  after  the  crook  of  the  deformation  dia- 
gram is  well  begun  and  until  after  the  yield  point  of  the  metal  is 
passed,  a  result  to  be  expected. 

Maximum  Load  at  Yield  Point  of  Metal — The  observed  de- 
formations show  that  for  beams  not  having  an  excess  of  metal  (say 
not  more  than  i  per  cent  of  reinforcement  with  steel  of  55,000- 
pounds  per  square  inch  elastic  limit  nor  more  than  i  y^  per  cent 
with  steel  33,000  per  square  inch  elastic  limit  for  the  concrete  used 
in  this  work)  the  maximum  load  is  nearly  reached  when  the  steel 
is  stressed  up  to  its  yield  point,  and  the  load  at  the  yield  point  of 
the  metal  may  properly  be  taken  as  the  ultimate  strength  of  the  beam. 
Actually,  the  maxinium  load  is  somewhat  greater  than  this,  averaging 
about  6  per  cent  more  for  all  the  beams  and  in  one  case  reaching  i  5 
per  cent  more  than  the  load  at  the  yield  point  of  the  metal.  The 
table  shows  that  for  the  points  chosen,  which  are  just  below  the 
yield  point  of  the  metal  and  somewhat  below  the  maximum  load,  the 
resisting  moment  for  the  steel  (calculated  by  multiplying  the  stress 
found  in  the  steel  by  the  distance  to  an  assumed  centroid  of  the- 
compressive  stresses  of  the  concrete,  and  thus  taking  into  account: 


402  Talbot — /-'lex II re  of  /'Reinforced  Concrete-  Beama. 

an  equal  amount  of  compression)  is  in  general  approximately  equal 
to  the  bending  moment  clue  to  the  load,  and  hence  that  the  moment 
of  the  tensile  stresses  of  the  concrete  is  negligible.  The  exceptions 
to  this  are  (i)  in  beams  with  light  reinforcement  and  low  elastic 
limit  metal,  in  which  case  the  moment  of  tensile  stresses  in  the  con- 
crete and  also  added  stress  in  the  steel  at  the  vertical  cracks 
may  possibly  account  for  the  deficiency  in  the  calculated  re- 
sisting moment ;  and  (2)  in  beams  with  an  excess  of  metal,  in  which 
case  the  centroid  of  the  compressive  stresses,  after  the  stresses  ap- 
proach the  ultimate  strength  of  the  concrete,  is  probably  lower  than 
the  position  assumed,  and  hence  the  real  moment  will  be  less  than 
the  value  here  given.  However,  it  seems  that  within  the  usual  limits 
of  reinforcement  (say  from  ^  per  cent  to  i  ^  per  cent  reinforcement 
with  steel  of  33,000  pounds  per  square  inch  elastic  limit  and  to  i 
per  cent  with  steel  of  55,000  pounds  per  square  inch  elastic  limit  for 
this  concrete)  the  calculated  moment  of  the  steel  about  the  cen- 
troid of  the  compressive  stresses  is  for  the  maximum  load  approxi- 
mately equivalent  to  the  bending  moment,  and  no  consideration 
need  be  made  of  tension  in  the  concrete.  These  limits  of  i  and  i  ^^ 
per  cent  are  given  as  tentative  limits  and  not  of  course  as  final  de- 
terminations. 

Stresses  in  Second  and  Third  Stages — Several  interesting 
characteristics  are  apparent  in  the  second  and  third  stages.  In  the 
steel  diagram  the  crook  or  elbow  of  the  second  stage  and  the  reversal 
of  curvature  just  after  are  characteristic.  The  increased  elongation 
of  the  steel  just  after  the  crook  seems  to  indicate  that  the  concrete 
has  broken  in  tension  through  a  part  of  the  depth  of  the  beam,  and 
that  a  part  of  the  weight  of  the  beam  which  had  been  taken  by  the 
tension  in  the  concrete  has  now  been  transferred  to  make  added 
tension  in  the  steel.  A  line  parallel  to  the  load-deformation  line 
above  the  elbow  and  tangent  to  the  elbow  lies  above  this  line  a  dis- 
tance equal  to  the  amount  of  added  load  which  may  be  expected 
from  the  beam.  It  is  quite  noticeable  that  during  the  third  stage 
the  load-deformation  diagram  is  a  straight  line  and  that  the  incre- 
ment of  stress  in  the  steel  calculated  on  the  assumptions  heretofore 
made,  and  hence  its  moment,  is  proportional  to  the  increment  of 
the  load,  though  the  stress  in  the  steel  is  not  proportional  to  the 
load.  In  fact,  as  may  be  seen  by  a  study  of  the  results,  this  incre- 
iiient  in  the  resisting  moment  of  the  steel  about  the  assumed  cen- 
troid of  compressive  stresses  is  greater  than  the  increment  of  bend- 
ing moment  of  load;  and  in  general  for  loads  less  than  the  maxi- 
mum the  resisting  moment  of  the  steel  based  on  average  deforma- 
tion for  the  full  gauge  length  is  considerably  less  than  the  bending 
moment.  It  seems  probable  that  at  the  vertical  cracks  the  steel  is 
stretched   enough   more   than   the  average  deformation  to  give  a 
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Stress  which  would  make  up  the  full  amount  of  the  bending  miO- 
ment.  It  is  also  found  that  for  a  load  of  10,000  pounds  the  total 
stress  in  the  steel  is  approximately  the  same  in  all  the  beams  (about 
24,000  pounds),  although  there  is  a  difference  in  area  of  the  steel 
and  a  slight  difference  in  position  of  the  neutral  axis  found  for  these 
beams.  There  is  a  similar  uniformity  at  15,000  pounds  and  at 
20,000  pounds  load  for  beams  carrying  such  loads,  the  total  stresses 
in  the  steel  being  about  42,000  and  64,000  pounds  respectively. 

Conservation  of  Plane  Section — Some  doubt  has  been  ex- 
pressed concerning  the  correctness  of  the  time-honored  hypothesis 
that  a  plane  section  before  bending  remains  a  plane  section  after 
bending,  and  the  high  results  of  tests  of  a  special  form  of  reinforce- 
ment made  by  loading  with  bars  and  brick  have  been  cited  in  proof 
of  the  fallacy  of  this  principle.  To  check  its  correctness,  two  ex- 
tensometer  devices  were  used  on  one  side  of  the  beam,  the  gauge 
length  being  made  the  same  in  both  cases  by  alternating  the  frames. 
One  device  had  its  contact  points  placed  i  i  inches  apart  vertically 
as  usual,  i  ^  inches  below  the  top  of  the  beam  and  i  ^  inches 
above  the  bottom.  In  the  other  the  upper  points  were  applied  at 
the  usual  position,  1  '/^  inches  below  the  top  of  the  beam,  and  the 
lower  points  were  applied  8^  inches  below  the  upper  points.  In. 
another  beam  the  vertical  distance  between  contact  points  of  the 
second  set  was  made  6  inches.  Readings  with  the  two  pairs  of 
extensometers  were  taken  simultaneously  as  the  loading  of  the  beam 
progressed.  From  these  observations  two  sets  of  values  of  the 
elongation  of  the  steel  and  compression  of  the  concrete  were  deter- 
mined and  also  the  resulting  positions  of  the  neutral  surface. 
The  results  agree  closely,  perhaps  as  closely  as  the  variations 
in  the  transmission  of  the  interior  deformation  to  the  contact  point 
could  be  expected  to  give.  It  should  be  noted  that  this  agree- 
ment does  not  hold  for  loads  under  3,000  pounds.  In  general, 
however,  the  neutral  axis  as  determined  by  one  pair  of  exten- 
someters is  a  uniform  distance  below  that  determined  by  the  other 
pair,  the  average  variation  above  the  elbow  of  the  curve  being  .27 
inches  for  Beam  No.  22  and  .12  inches  for  Beam  No.  27.  It  should 
be  noted  that  the  measurements  were  made  with  an  arrangement 
of  loading  for  which  the  vertical  shear  is  nearly  zero  between  gauge 
points  and  hence  that  there  was  little  to  cause  distortion  of  section. 

Position  of  Neutral  Axis — The  successive  positions  of  the 
neutral  axis  as  determined  for  the  various  beams  arc  shown  on  the 
diagrams.  In  general,  the  neutral  axis  may  be  said  to  rise  during 
the  second  or  readjustment  stage  and  then  to  remain  in  one  posi- 
tion during  the  third  stage  until  the  maximum  load  is  reached.  For 
part  of  the  beams  the  position  of  the  neutral  axis  beyond  the  maximum 
load  is  shown,  this  position  being  higher  than  at  the  maximum  load. 


404  Talbot — J-'lexuif  of  Rihi/ofced  Concrete  Beams. 

Vox  beams  which  developed  the  full  compression  strength  of  the 
<:oncrcte  before  the  maximum  load  was  reached,  the  neutral  axis 
finally  lowered  somewhat.  The  neutral  axis  is  in  general  lower 
than  is  given  by  several  theories  which  have  been  proposed.  The 
positions  of  the  neutral  axis  during  the  third  stage,  in  beams  with 
different  forms  of  reinforcement,  agree  fairly  well  with  each  other, 
as  is  shown  by  the  diagram  (Fig.  7)  where  the  change  of  neutral 
axis  with  the  amount  of  reinforcement  is  apparent.  The  line 
k  =  o.26-|-i8p  gives  the  position  somewhat  accurately,  where  k 
is  the  proportional  depth  of  the  neutral  surface  and  p  is  the  pro- 
portional steel  area  or  ratio  of  area  of  steel  to  area  of  concrete,  the 
■depth  from  the  top  of  the  beam  to  the  center  of  the  steel  being 
used  in  both  cases.  Theoretical  considerations  indicate  that  the 
locus  of  the  neutral  axis  should  be  a  curved  line,  but  its  deviation 
from  a  straight  line  within  the  usual  limits  of  reinforcement  will  be 
slight,  as  is  shown  in  a  later  discussion. 

Compressive  Stresses — Little  can  be  said  here  concerning  the 
•compressive  stresses  in  the  concrete  except  to  call  attention  again 
to  the  fact  that  the  full  compressive  strength  was  not  developed 
even  with  concrete  considered  by  many  to  be  too  lean,  except  in 
the  case  of  beams  having  a  large  area  of  metal.  It  would  seem  al- 
most that  the  ordinary  formulas  give  a  larger  compressive  stress  at 
the  remotest  fiber  than  actually  exists  there.  The  relation  between 
stress  and  deformation  near  the  crushing  strength  of  concrete  is 
probably  different  from  that  assumed  in  such  formulas. 

Shear  and  Adhesion — It  had  been  anticipated  that  some  of 
these  beams,  particularly  those  having  a  large  area  of  reinforcement, 
might  fail  by  shearing,  or  more  strictly  by  diagonal  tensile  stresses 
induced  by  shear.  As  a  means  of  counteracting  this,  a  portion  of 
the  bars  in  beams  with  i  square  inch  metal  or  more  were  bent  up- 
ward outside  the  one-third  points  of  the  beam  and  inclined  diagon- 
ally to  points  about  4  inches  below  the  top  at  the  ends.  The  Kahn 
bars  of  course  were  not  treated  in  this  way.  In  no  case  was  there 
a  crack  or  failure  of  the  kind  usually  attributed  to  shear.  Whether 
such  failure  would  have  occurred  with  the  bars  continued  horizon- 
tally to  the  end  cannot  be  told. 

There  was  no  indication  of  slipping  of  the  rods  in  the  concrete 
even  with  plain  rods.  A  series  of  tests  made  to  determine  the  ad- 
hesive bond  between  plain  rods  and  concrete  gave  for  the  size  of 
rods  used  an  average  of  300  pounds  per  square  inch  of  surface  of 
steel.  For  beams  of  the  dimensions  and  methods  of  loading  here 
used,  this  would  indicate  for  the  two  sizes  of  steel  used  a  factor  of 
safety  against  slipping  of  2)^  to  4  when  the  steel  is  stressed  to 
33,000  pounds  per  scjuare  inch  and  of  1  3^  to 2^  for  steel  of  55.000 
pounds  clastic  limit  when  stressed  to  its  elastic  limit.  Vox  those 
beams,  then,  there  is  a  ccMisiderable  margin  against  slipping. 
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Plain  Conxrete — Diagrams  of  Beams  No.  ii  and  No.  i8  give 
the  load-deformation  diagrams  for  plain  concrete  beams.  The  def- 
ormations are  given  for  top  and  bottom  fibers,  the  beams  being  i  5 
feet  4  inches  long,  12  inches  wide  and  13^  inches  deep  and  loaded 
as  were  the  reinforced  beams.  It  will  be  seen  that  the  neutral  axis 
is  very  close  to  the  middle  of  the  depth  of  the  beam.  This  would 
indicate  that  for  the  beams  the  coefficient  of  elasticity  of  concrete 
for  tension  and  that  for  compression  are  approximately  equal. 

Other  Tests — Among  tests  made  in  connection  with  those  de- 
scribed were  a  series  of  tests  on  plain  concrete  beams,  tension,  com- 
pression, and  shearing  tests  of  concrete  cylinders  to  determine  re- 
lation between  deformation  and  stress,  and  tension  tests  of  rein- 
forced concrete.  Tests  were  also  made  on  reinforced  concrete 
beams  by  taking  off  the  load  at  three  or  more  loads,  and  noting  the 
deformations  as  the  load  was  being  removed  and  again  put  on. 

Summary — Extensometer  tests  were  not  obtained  on  three  of 
the  beams  tested,  but  the  deflections  and  maximum  loads  of  these 
three  beams  checked  those  of  their  mates  very  closely.  It  is  not 
well  to  draw  general  conclusions  from  one  set  of  tests,  but  as  has 
been  said  the  behavior  and  uniformity  of  test  pieces  leads  the 
writer  to  place  more  reliance  than  usual  in  the  results  of  the  in- 
dividual tests,  and  it  seems  proper  that  some  deductions  from  this 
investigation  be  pointed  out.  These  may  be  stated  as  follows:  i. 
The  composite  structure  acts  as  a  true  combination  of  steel  and 
concrete  in  flexure  during  the  first  or  preliminary  stage,  and  this 
stage  lasts  until  the  steel  is  stressed  to  say  3,000  to  4,000  pounds 
per  square  inch,  and  the  lower  surface  of  the  concrete  is  elongated 
TooTTo  to  ygV^  of  its  length.  2.  Daring  the  second  or  readjustment 
stage  there  is  a  marked  change  in  distribution  of  stresses,  the  neutral 
axis  rises,  the  concrete  loses  part  of  its  tensional  value,  and  tensile 
stresses  formerly  taken  l:)y  the  concrete  are  transferred  to  the  steel. 
During  this  stage  minute  cracks  probably  exist,  quite  well  distrib- 
uted and  not  easily  detected.  3.  In  the  third  or  straight-line  stage 
the  neutral  axis  remains  nearly  stationary  in  position  and  the  concrete 
gradually  loses  more  of  its  tensional  value.  Visible  cracks  appear  and 
gradually  grow  larger,  though  no  change  in  the  character  of  the  load- 
deformation  diagram  results.  It  would  seem  probable  that  at  these 
cracks  the  stress  in  the  steel  is  more  than  is  indicated  by  the  average 
deformation  for  the  full  gauge  length.  4.  In  beams  with  the  metal 
reinforcement  small  enough  in  amount  not  to  develop  the  full  com- 
pressive strength  of  the  concrete,  the  maximum  load  is  reached  or 
nearly  reached  when  the  metal  is  stretched  to  its  yield  point,  and 
in  calculating  the  resisting  moment  the  tensional  value  of  the  con- 
crete is  here  negligible  except  with  light  reinforcement,  and  the  load 
at  the  yield  point  of  the  metal  may  well  be  considered  the  full 
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Strength  ot  the  beam.  5.  So  far  as  strength  of  the  beam  is  con- 
cerned, tlie  load  when  the  steel  is  stressed  to  its  elastic  limit  seems 
the  proper  basis  for  the  factor  of  safety  and  working  load.  6,  So  far 
as  strength  of  beam  is  concerned,  steel  having  a  high  elastic  limit  is 
advantageous,  it  being  assumed  that  there  is  sufficient  provision 
against  the  slipping  of  rods  and  shearing  failures.  7.  The  deter- 
mination of  the  limit  of  reinforcement  which  may  properly  be  used 
with  different  mixtures  and  grades  of  concrete  may  best  be  decided 
by  experiments  on  beams  made  to  determine  this.  For  the  1-3-6 
concrete  used,  reinforcement  as  high  as  i  ^^  per  cent  for  steel  of 
33,000  pounds  per  st|uare  inch  elastic  limit  and  i  per  cent  for  steel 
of  55,000  pounds  per  square  inch  elestic  limit  may  be  used  without 
developing  the  full  compression  strength  of  the  concrete.  8,  With 
those  beams  having  sufficient  metal  to  develop  the  full  compression 
strength  of  the  concrete,  the  calculated  resisting  moment  of  the 
steel  and  concrete  is  in  excess  of  the  applied  bending  moment,  which 
indicates  perhaps  the  center  of  gravity  of  the  compression  stresses  is 
much  lower  than  when  the  compression  stress  is  well  below  this  limit. 
9.  There  was  no  marked  difference  in  results  found  for  the  differ- 
ent forms  of  reinforcing  bars  used.  It  is  assumed  here  that  the 
beams  are  subject  to  simple  flexure  and  that  provision  is  made 
against  shearing  stresses  and  slipping  of  bars. 

The  Uni\'ersity  of  Illinois  purposes  issuing  a  bulletin  giving  the 
results  of  these  tests  in  detail,  and  plans  are  being  made  for  extend- 
ing the  investigation.  It  should  be  said  that  the  work  of  making 
these  tests  was  done  principally  as  thesis  work  and  that  Messrs.  R. 
V.  Engstrom,  F.  E.  Mills,  S.  D.  Brown,  and  R.  J.  Blackburn  of  the 
class  of  1904  are  entitled  to  credit  for  the  care,  thoroughness,  and 
untiring  interest  given  to  the  investigation  and  are  to  be  commended 
for  their  skill  and  thoughtfulness. 

RESISTANCE    I'O   EEEXURE. 

In  this  analysis  reference  is  made  to  reinforced  concrete  beams 
subject  to  simple  flexure.  It  is  assumed  that  the  beam  will  not 
fail  by  shear  or  by  secondary  tensile  stresses  and  that  the  work 
done  by  the  shearing  stresses  is  so  slight  in  comparison  with  the 
work  of  the  horizontal  stresses  as  to  be  negligible  in  the  calcula- 
tion of  resisting  moment.  Shearing  and  secondary  stresses  will 
require  a  separate  and  more  complicated  analysis.  Simple  flexure 
implies  that  the  loads  are  applied  at  right  angles  to  the  length  of 
the  beam,  and  that  the  arrangement  of  the  end  supports  will  not 
permit  arch  action.  The  usual  assumptions  that  a  plane  section 
before  bending  remains  a  plane  section  after  bending  and  that  the 
metal  and  surrounding  concrete  stretch  together  are  made.  It  is 
further  assumed   that   the  tension  strength  of  the  concrete  at  the 
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time  of  maximum  load  is  negligible,  as  shown  in  the  investigation 
just  described. 

The  following  notation  will  be  used  : 

b^breadth  of  rectangular  beam. 

d=distance  from  the  compression  face  to  the  center  of  the  metal  reinforement. 

A=area  of  cross  section  of  metal  reinforcement. 

A 

p=  —    =  ratio  of  area  of  metal  reinforcement  to  area  of  concrete  above    center 
b  d 

of  reinforcement. 

Es^modulus  of  elasticity  of  steel. 

E^^initial  modulus  of  elasticity  of  concrete  in  compression,  a   term  which  will  be 
defined. 

n=  —  =  ratio  of  two  moduli. 

Ec 
f^tensile  stress  per  unit  of  area  in  metal  reinforcement. 

c=compressive  stress  per  unit  of  area  in  most  remote  fiber  of  the  concrete. 
c'=^compressive  stress  per  unit  of  area  which  causes  failure  by  crushing. 
Xs=deformation  per  unit  of  length  in  the  metal  reinforcement. 
Xc=deformatlon  per  unit  of  length  in  most  remote  fiber  of  the  concrete. 
Vc=deformation  per  unit  of  length  when  crushing  failure  occurs  ;  i.  e.,  ultimate 
or  crushing  deformation. 

q=  —  =ratio    of    deformation    existing    in    most    remotest    fiber    to  ultimate    or 

X'c 

crushing  deformation 
k=ralio  of  distance  between  compression  face  and  neutral  axis  to  distance  d. 
z=distance  from  compression  face  to  center  of  gravity  of  compressive  stresses 
2X=summation  of  horizontal  compressive  stresses. 
M^resisting  moment  at  the  given  section. 

Relation  Between  Stress  and  Deformajto.x  for  Concrete 
IN  Compression. — We  must  acknowledge  at  the  outset  that  concrete 
is  variable  in  its  makeup.  Even  the  same  mixtures  give  differ- 
ent deformations  for  the  same  compressive  forces.  Variations  in 
cement  and  stone,  in  the  mixing,  in  the  rate  of  setting,  in  the 
amount  of  water,  all  go  to  cause  this.  Further  than  this,  con- 
crete does  not  possess  the  property  of  proportionality  of  stress  and 
deformation  as  does  steel ;  in  other  words,  the  deformation  pro- 
duced by  a  load  is  not  proportional  to  the  compressive  stress. 
The  relation  between  stress  and  deformation  is  commonly  stated  to 
be  a  parabola. 

Fig.  I  shows  the  stress-deformation  curve  for  a  1-3-6  concrete 
cylinder  90  days  old  of  the  materials  used  in  the  beams  described 
in  this  paper  which  was  tested  by  Mr.  R.  H.  Slocum,  Instructor 
in  Theoretical  and  Applied  Mechanics  in  the  University  of  Illi- 
nois. The  test  piece  was  8  inches  in  diameter  and  20  inches 
long.  The  deformations  were  measured  with  a  gauge  length  of 
12  inches  by  extensometcrs  reading  to  touoit  inch.  The  abscissas 
represent  compressive  stresses  or  loads  in  pounds  per  square  inch. 
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The  ordinates  represent  deformations  per  unit  of  length  or,  what 
is  the  same  thing,  shortenings  in  inches  per  inch  of  length.  The 
piece  failed  at  uSoo  lb.  per  square  inch.  Possibly  flexure  of  the 
specimen  due  to  slight  eccentricity  of  loading  acted  to  induce 
failure  somewhat  under  the  real  compressive  strength  of  the  con- 
crete. The  diagram  is  an  almost  perfect  parabola  having  its  ver- 
tex at  the  point  of  failure,  1800  lb.  per  square  inch,  and  its  axis  on 
the  top  line  of  the  figure.  It  is  rare  to  find  a  stress-deformation 
diagram  which  a  parabola  will  fit  so  well  or  which  any  curve  will 
fit  so  well.      In  many  cases  an  exponential  curve  will  best  fit  the 
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Fig.  1      Stress-deformation  L)iagram  for  Concrete  Cylinder  in  Compression. 

observed  points,  and  in  some  respects  such  a  form  of  curve  is 
more  convenient,  but  as  the  parabola  is  frequently  used  for  this 
purpose  it  will  be  adopted  here. 

Usmg  X  and  y  as  coordinates  and  a  and  b  as  constants  and 
placing  the  origin  at  the  zero  of  stress  and  deformation,  the 
equation  of  this  parabola  is  of  the  form  x=a  y-a  b  y^,  or  if  we  use 
Xc  for  y,  c  for  X,  and  Ec  (which  will  be  defined  later)  for  a,  the 
general  equation  becomes 


:EcXc — bEcXc 


.(1! 


where  b  is  one-half  of  the  reciprocal  of  the  deformation  at  failure, 
that  is  at  the  full  compressive  strength  of  the  concrete,  provided 
this  law  for  stress-deformation  is  followed  to  the  vertex  of  the 
parabola. 

The  term  coefficient  or  modulus  of  elasticity  is  used  with  ma- 
terials having  a  proportionality  of  deformatit)n  to  stress  to  express 
this  relation;  the  deformation  per  unit  of  length  multiplied  by  the 
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modulus  of  elasticity  will  give  the  stress  per  unit  of  area.  Con- 
crete does  not  possess  this  proportionality;  the  factor  for  multiply- 
ing the  deformation  produced  to  obtain  the  stress  producing  it  is 
variable.  Hence  the  use  of  modulus  of  elasticity  in  connection 
with  formulas  for  flexure  of  concrete  may  lead  to  misunderstand- 
ings. However,  it  is  convenient  to  have  a  term  to  express  the 
relation  between  stress  and  deformation.  Usmg  x  and  y  as  co- 
ordinates, the  equation  of  the  tangent  to  the  parabola  at  zero  load 
shown  in  Fig.  i  is 

x=Ecy (2) 

This  tangent  line  represents  the  relation  which  would  exist  betweert 
stress  and  deformation  if  the  concrete  compressed  uniformly  at  the 
rate  it  started  out  to  compress,  and  E  will  be  called  the  initial  modu- 
lus of  elasticity  of  the  concrete.  The  term  EcXc  of  equation  (i), 
then,  gives  the  stress  which  would  compress  an  amount  Xc  if  pro- 
portionahty  held,  but  the  last  term  of  the  equation  reduces  the  stress- 
by  an  amount  which  varies  with  the  square  of  the  deformation. 

Continuing  the  study  of  Fig.  i,  it  may  be  seen  that  a  slightly 
smaller  stress  than  the  crushing  value  has  a  considerably  smaller 
deformation;  thus  16871b.  per  sq.  in.  gives  a  deformation  of  .0009; 
or  i|c'  gives  ^'z,  using  c'and  x'c  as  the  ultimate  values  of  c  and  ^c, 
and  |c'  produces  a  deformation  of  \^'c .  Conversely  a  considerable 
reduction  in  the  amount  of  the  deformation  will  result  in  but  a 
slight  decrease  in  stress.  For  small  stresses  the  stress-deforma- 
tion curve  does  not  differ  much  from  the  line  of  initial  modulus  of 
elasticity. 

Distribution  of  Stresses  in  Beam — Let  Fig.  2  show  the  sec- 
tion of  the  beam,     kd  is  the  distance  of  the  neutral  axis  below  the 


NeutrffI  axis 


1 


Fi".  2.     Section  of  Beam. 


top  of  the  beam,  k  being  a  ratio.  In  F'ig.  3,  the  left  diagram  re- 
presents the  deformations  above  and  below  the  neutral  axis.  Con- 
sider that  the  upper  fibre  is  stressed  to  the  point  of  failure;  the 
upper  deformation  will  then  be  the  ultimate  or  crushing  deforma- 
tion. Since  the  deformations  are  proportional  to  the  distances 
from  the  neutral  axis,  the  curve  of  compressive  stresses  shown  on 
the  right  will  be  a  parabola  with  its  vertex  at  o.     The  horizontal 
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tlistances  to  the  "line  for  initial  modulus  of  elasticity"  represent 
the  stresses  which  would  exist  for  the  same  deformation  with  a 
constant  modulus  of  elasticity  equal  to  Ec.  The  stress  in  the  steel 
is  represented  by  a  len^^th  proportional  to  the  ratio  of  the  modulus  of 
elasticty  of  the  steel  to  the  initial  modulus  of  elasticity  of  the  con- 


De/ormotion 
-A, 


Compressive  &  tress 
c' 


k-A, 

Deformotio/J 
of  6teel 
Fig.  3 


Tensile  6frea& 
Stress  and  Deformation  Distribution  at  Ultimate  Deformation. 


Crete  ("=|r)-  I"  ^^^  manner  Fig.  4  gives  the  stress  and  de- 
formation distribution  for  a  deformation  of  the  upper  fiber  equal  to 
three-fourths  of  the  ultimate  deformation  of  the  concrete  and 
a  stress  of  fifteen-sixteenths  of  the  crushing  stress.  Fig.  5  shows 
a  similar  distribution  for  one-half  ultimate  deformation  and  ihree- 


Deformation 
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Fig.  4.     Stress  and   Deformation  Distribution  at  Three  fourths  I'lti.uate 

Deformation. 


7 alhot — Flexure  of  Reinforced  Conoete  Beams. 


411 


fourths  crushing  stress.  It  will  be  noted  that  the  parabolic  arc 
appears  somewhat  different  from  that  in  Fig  3,  and  that  it  differs 
much  less  from  the  line  for  initial  modulus  of  rupture. 

Relations  in  the  Stress  Diagram — In  deriving  formulas  for 
resisting  moment,  position  of  neutral  axis,  and  compressive  stress 
at  upper  fiber,  three  relations  in  the  stress  diagram  are  needed  :  (i) 
the  relation  of  the  stress  c  and  the  deformation  \,  at  the  upper 
fiber;  (2)  the  total  compressive  stress,  here  called  sx  ;  and  (3)  the 
position  of  the  center  of  gravity  of  the  compressive  stresses  given 
by  the  distance  z.     These  relations  vary  for  different  values  of  the 


De/or/na//c>/7 


Compressive  ■stress 


If-ArtI 

Deformofio/f  Tensile  stress 

0/  ^steel 

Fig.  5.     Stress  and  Deformation  Distribution  at  One-half  Ultimate   Deformation. 

deformation  in  upper  fiber.  Basing  the  variation  on  the  parabolic 
stress  deformation  law  previously  stated,  and  using  q=r^,  as  the 
ratio  of  the  deformation  developed  in  the  upper  fiber  to  the 
ultimate  deformation  of  the  concrete,  the  following  relations  are 
readily  deduced,  though  their  derivation  will  not  be  given  here. 


EcX 

2X 


=.4.         ■    ■ 

Parabolic  area 


iq 


(4) 


g-EcXckbd       Triangular  area 
kd-"l2— lq~n'  +  -l3_q; (•>) 

Equation  (3)  gives  the  ratio  of  the  compressive  stress  in  the 
upper  fiber  to  the  stress  which  would  exist  for  the  same  upper 
deformation  with  a  straight-line  stress-deformation  relation.  Equa- 
tion (4)  gives  the  ratio  of  the  summation  of  compressive  stresses 
to  the  stress  which  would  exist  for  the  same  upper  deformation 
with  a  straight-line  stress-deformation  relation.  Equation  (5)  gives 
the  ratio  of  the  distance  between  the  compression  surface  and  the 
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center  of  gravity  of  compressive  stresses  to  the  distance  between 
that  surface  and  the  neutral  axis. 

Vahies  for   several  ratios  of  upper  to  ultimate  deformation  are 
given  in  the  following  table  : 

TABLE. 
Properties  of  the  Stress  Diagram. 


Property. 

At  ultimate 
deformation. 

At  '^  ultimate 
deformation. 

At  I  ultimate 
deformation. 

At  \  ultimate 
deformation. 

c 

JEcXc 

fEcXc 

fEcXc 

lEcXc 

SX 

lEcXckbd 

lEcXckbd 

,\EcXckbd 

i^EcXckbd 

z 

Pd 

Hkd 

a'gkd 

Hkd 

Fig.  6  shows  graphically  the  relations  given  by  equations  (3),  (4) 
and  (5).  It  will  be  seen  that  the  center  of  gravity  of  the  compressive 
stresses  ranges  from  |  distance  down  to  neutral  axis  (the  value  for 


Fig.  6.     Variation  of  Functions  with  (]. 

a  deformation  equal  to  the  ultimate  deformation)  to  \  distance  down 
to  neutral  axis  at  the  lower  limit.  The  position  for  q=J  is  \l  equal 
to  .36.  This  is  not  far  from  the  value  j^,  which  was  used  in  the  dis- 
cussion of  the  experimental  work,  and  which  was  obtained  by  another 
method  of  analysis.  The  other  ratios  are  less  near  constant.  The 
ratio  for  compressive  stress  at  most  remote  fiber  to  that  for  tiiroct 

proportionality  with  same  deformation  (j^^j^^j  ranges  from   i  when 
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ultimate  deformation  of  concrete  is  developed  to  i.o  for  no  deforma- 
tion. The  range  for  summation  of  compressive  stress  is  from  f 
to  I.o.  It  should  be  remembered  that  these  formulas  are  not 
applicable  when  tensile  stresses  of  concrete  need  consideration. 

Neutral  Axis — The  foregoing  relations  and  the  analytical  con- 
dition that  the  total  horizontal  compressive  stresses  and  the  total 
horizontal  tensile  stress  are  equal  will,  if  tensile  stresses  in  the 
concrete  be  neglected,  readily  enable  the  position  of  the  neutral 
axis  to  be  determined  for  rectangular  beams.  From  the  pro- 
portionality of  deformation  (Fig.  3,  4  and  5), 

^  =  '^ (6) 

1— k      k 

Equating  horizontal  stresses, 

Af=|(l— iq)EcXckbd  (7) 

Dividing  7  by  6  and  substituting  f  =  Es  Xs, 

AEsd— k)=|(l— ^q)Eck2bd 

E^  \ 

Calling     — :  =  n  and  I_  =  p, 

Ec  bd 

pn(l-k)  =  i(l— iq)k=i 
Solving 


J2pn      1        p'n'' 


._EL_ (8) 

i-i  q 


This  gives  the  position  of  the  neutral  axis  after  tensile  stresses 
in  the  concrete  have  become  negligible  and  before  the  concrete 
reaches  its  ultimate  strength.  The  value  of  k  will  vary  slightly 
for  the  range  of  q  usually  considered,  probably  not  more  than  .02. 
Selecting  ^  as  a  mean  value  for  q  we  may  consider  that  the  result- 
ing equation  is  applicable  on  either  side  within  allowable  limits  of 
error.     This  value  of  k  becomes 


-Jf 


pn  (l+|pn)---pn (9) 


Equation  (9)  may  be  used  without  great  error  for  values  of  q  other 
than  \.  The  diagram  (Fig.  7)  gives  values  of  k  from  equation  (9) 
for  n=io,  12,  and  15.  It  may  be  seen  that  within  the  usual  limits 
of  reinforcement  these  curves  are  closely  approximated  by  straight 
lines,  and  that  for 

n=10,  k  =  .23+16p;  for  n  =  12,  k  =  .25-f  16p;  and  for  n  =  15,  k=.284-17p 

express  the  position  of  the  neutral  axis  very  closely. 

Resisting  Moment — When  the  tensile  stresses  in  the  concrete 
are  neglected  and  the  center  of  gravity  of  the  compressive  stresses 
is  known  the  value  of  the  resisting  moment  of  the  beam  (which  it 
is  readily  seen  is  the  moment  of  the  couple  formed  by  the  tensile 
stress  in  the  steel  and  the  resultant  of  the  compressive  stresses  in 
the   concrete)  is  easily   expressed   as   the   product  of  the  tensile 
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Fig.  7.     Neutral  Axis  ami  AmcMint  of  Koinforceinent. 

Proportioiuiie  Depth  of  Neutral  Axis  is  given  in  it-rnis  of  clisl;iiicf  from  compression  fnce 
to  center  of  metal. 
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Stress  in  the  steel  and  the  distance  from  the  center  of  the  steel  to 
the  center  of  the  gravity  of  the  compressive  stresses.  Hence  the 
formula  for  the  resisting  moment  for  a  rectangular  beam  is 

M  =  Af  (d— z) (10) 

It  was  shown  that  z  varies  slightly  for  different  compressive 
stresses.  Using  the  value  of  z  for  conditions  when  the  concrete 
is  stressed  to  three-fourths  of  its  ultimate  deformation,  this  be- 
comes for  a  rectangular  beam 

M  =  Af  (1— .36k)  d (11) 

For  conditions  when  the  concrete  is  stressed  to  one  half  its 
ultimate  deformation  the  formula  is 

M=Af  (l-.-lok)  d (12) 

As  the  analytical  expression  for  the  position  of  the  neutral  axis 
is  complicated,  and  as  the  curve  representing  this  does  not 
vary  far  from  a  straight  line  within  the  usual  limits  of  reinforce- 
ment, a  simple  formula  for  k  may  be  derived  by  substituting  a 
straight  line  relation  taken  from  the  theoretical  curve  or  from  the 
results  of  tests.  Using  the  experimental  value  of  k  given  in  the 
foregoing  description  for  the  1-3-6  beams  tested,  the  formula 
becomes 

M  =  Af  (.90G— G.'^p)  d (13) 

This  reduces  to  M=:.84  Afd  for  i  per  cent  reinforcement  and 
.81  Afd  for  1.5  per  cent  reinforcement.  The  straight  line 
relations  given  in  the  discussion  of  the  position  of  the  neutral  axis 
will  give  similar  formulas.  This  form  of  formula  is  convenient  for 
use  in  calculating  strength  of  beams. 

Compressive  Stress  at  Upper  Fiber. — The  formulas  for  the 
position  of  the  neutral  axis  and  moment  of  resistance  are  based 
upon  the  assumption  that  the  compressive  stress  in  the  upper 
fiber  is  within  the  crushing  strength.  To  determine  the  value  of 
the  upper  compressive  stress  substitute  equation  (3)   in  equation 

(7)- 

This  reduces  to 

_  2Af .  l-|q  _  2pf,  [-^  ,j4. 

^       kbd    1  — iq  k      1-iq 

For  a  deformation  of  upp2r  fib^r  equal  to  three-fourths  of  de- 
formation at  crushing  (or  c=j'c'  )     this     becomes  ^  ='r.'^^-^  •      For 


an  upper  deformation  equal  to  one-half  of  ultimate  deformation  this 

becomes  '^=io^-      I'or   the   crushing   point    of    the    concrete    it 

3  "'pf 
becomes    ^  =  4  "^  •      As    the     upper    deformation    decreases,    the 
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value  of  c  approaches  ''    ,  which  is  the  amount  of  the  stress  for  a 

constant    modulus  of    elasticity    equal   to   the   initial    modulus   of 

elasticity.      By  multiplying  "y- ,  the  stress  found  on  the  basis  of  a 

constant  modulus  of  elasticity  and  a  known  position  of  the  neutral 

axis,  by  this  ratio  r^J-   the    value  of   the    compression    stress  is 

found.     The  variation  in  this  ratio  may  be  seen  in  the  upper  line 
in  Fig.  6. 

Value  of  iNiTiAi.  Moduias  of  KLAsricrrv — The  determination 
of  the  value  of  the  initial  modulus  of  elasticity  is  a  matter  for  experi- 
mental investigation.  In  getting  the  initial  modulus  of  elasticity 
from  stress-deformation  diagrams,  points  early  in  the  curve  rather 
than  at  the  crushing  point  should  control,  since  the  action  at  and 
near  the  crushing  point  may  be  quite  variable.  The  exact  basis  for 
such  a  determination  will  need  study  and  discussion.  It  is  to  be 
expected  that  different  mixtures  of  concrete,  different  degrees  of 
porosity,  and  different  degrees  of  dryness  of  the  concrete  will  give 
different  values.  Preliminary  calculations  for  the  1-3-6  concrete 
used  in  reinforced  concrete  beams,  plain  concrete  beams,  and  com- 
pressive test  pieces  of  the  investigation  herein  described  give  val- 
ues ranging  from  1,800,000  to  2,500,000,  with  a  mean  of  2,000,000. 
This  makes  the  ratio  n  from  12  to  17. 

Other  Forms  of  SEcriox — The  analysis  may  be  modified  to 
apply  to  tee-shapes  and  other  forms  of  section.  For  the  tee-shape 
when  the  top  width  extends  down  to  the  neutral  axis  the  full  top 
width  may  be  used  for  b  in  the  formulas  just  giv-en.  For  other 
conditions  further  modifications  will  be  necessary  to  determine  the 
position  of  the  neutral  axis  and  the  center  of  gravity  of  compressive 
stresses. 

DiscL'ssiox — This  analysis  is  presented  with  the  hope  of  aiding  in 
putting  calculations  on  a  better  analytical  basis.  If  the  parabolic 
stress-deformation  relation  is  correct,  as  is  usually  assumed,  the  an- 
alytical theory  is  tenable.  The  method  outlined  mvolves  the  use  of 
the  ratio  q  for  which  a  value  must  be  selected  tentatively,  but  the 
resisting  moment  and  the  position  of  the  neutral  axis  and  the  center 
of  gravity  of  the  compressive  stresses  are  not  much  affected  by 
variations  in  q  within  the  usual  range.  It  is  recognized  that  the 
constants  Fc  and  xc  must  be  determined  for  a  variety  of  con- 
cretes and  that  the  applicability  of  the  theory  must  be  sub- 
jected to  verification  by  wider  experimental  investigation.  Fxperi- 
ments  will  be  needed  before  deciding  whether  the  initial  modulus 
of  elasticity  should  be  determined  for  continuous  loading  or  for  re- 
leased loading.  In  passing,  attention  should  be  called  to  the  fact 
that  in  the  derivation  of  formulas  in  the  literature  of  reinforceil 
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concrete  the  parabolic  stress-deformation  relation  is  sometimes 
loosely  and  even  inconsistently  used.  For  example,  to  call  the  com- 
pressive stress  distribution  in  a  beam  a  parabola  and  then  call  the 
modulus  of  elasticity  a  constant  is  illogical. 

The  writer  appreciates  that  very  much  is  yet  to  be  discovered 
■concerning  the  internal  condition  of  concrete  while  subjected  to 
stress.  For  illustration  take  the  case  of  the  release  of  the  loads  on 
a  beam.  Careful  observations  show  that  during  and  after  the  release 
of  the  load  the  fibers  of  the  beam  must  be  under  stress,  and  that 
this  condition  is  different  from  what  is  ordinarily  termed  set.  This 
is  an  important  subject  for  further  investigation.  It  may  be  im- 
portant to  know  whether  the  crushing  strength  or  the  ultimate 
deformation  of  the  concrete  is  the  more  variable  or  is  more  largely 
influenced  by  poor  mixtures  and  poor  workmanship  and  hence  to 
know  which  is  more  important  as  a  basis  for  a  factor  of  safety. 
The  diagrams  for  the  beams  show  little  change  in  character  of  the 
compression  curve  up  to  a  deformation  of  .0012  or  even  .0016.  It 
is  possible  that  the  allowable  amount  of  compressive  deforma- 
tion will  lower  the  limit  set  for  useful  yield  point  of  metal  below 
what  is  indicated  in  the  discussion  of  the  experiments.  The 
effect  of  encasing  steel  in  concrete  upon  the  elastic  proper 
ties  of  steel,  i.  e.,  whether  the  modulus  of  elasticity  of  steel 
encased  in  concrete  is  the  same  as  that  for  naked  steel,  and  the 
amount  and  effect  of  shrinkage  and  other  initial  stresses  need 
study.  It  is  hoped  that  the  investigation  now  being  planned  by  the 
Joint  Committee  on  Reinforced  Concrete  of  the  American  Society 
of  Civil  Engineers,  the  American  Society  for  Testing  Materials,  the 
American  Railway  Engineering  and  Maintenance  of  Way  Associa- 
tion, and  the  Association  of  American  Portland  Cement  Manufac- 
turers will  include  points  brought  up  in  this  paper  and  that  it  will 
be  productive  of  important  results  in  many  directions.  If  the  ex- 
periments and  analyses  here  given  serve  to  help  clear  up  some 
points  and  to  open  up  the  field  for  further  investigation  the  purpose 
of  its  writing  will  be  accomplished. 

Note. — The   following  seven   pages  of  diagrams   illustrates   graphically    the 
results  of  some  of  the  tests  of  concrete  beams  described  by  Prof.  Talbot. 
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THE  ELECTRICAL  SECTION,  W.  S.  E. 


SOME  OF  THE  ELECTRICAL  FEATURES  OF  THE  EXPOSITION. 

E.  B.  Ellicott,  M.  W.  S.  E.,  Chief  Mechanical  and  Electrical  Engineer  of  the 
Louisiana  Purchase  Exposition,  St.  Louis,  1904. 

Read  June  24,  igo^.. 

A  mere  outline  of  the  scope  of  the  electrical  work  and  equip- 
ment at  the  Louisiana  Purchase  Exposition  at  St.  Louis  would  make 
a  lengthy  paper  of  itself,  and  to  enter  into  details  would  fill  a  book. 
Consequently  I  can  only  touch  upon  such  points  as  I  think  may  be 
of  general  interest  and  enable  you  to  form  some  idea  of  the  impor- 
tant part  electricity  plays  in  what  has  been  admitted  by  all  to  be 
the  greatest  of  expositions. 

The  primary  intention  to  have  but  one  power  plant  within  the 
grounds  and  to  distribute  all  power  by  electrical  transmission  was 
only  deviated  from  in  four  minor  instances,  and  it  is  seldom  that 
such  original  intentions  are  so  closely  followed  in  the  execution  of 
work  of  such  magnitude. 

The  original  estimate  for  power  aggregated  41,000  h.  p. — 31,000 
of  which  was  to  be  furnished  from  the  exposition  plant  and  10,000 
h.  p.  was  to  have  been  supplied  under  contract  from  a  local  light- 
ing company.  A  revision  of  the  estimate  was  made  in  January  and 
resulted  in  the  cancelling  of  the  contract  with  the  local  company,  as 
the  actual  requirements  had  been  very  much  overestimated.  The 
power  building  proper  contains  the  following  equipment : 
16  400  H.  P.  B.  &  W.  boilers. 

Cahall  boilers. 

Cahall  boilers. 

Heine  boilers. 

Belleville  boilers. 

Nicclaussee  boilers. 

Climax  boilers. 

Durr  boilers. 

Conti-Schutte  boilers. 
The  guaranteed  evaporating  capacity  of  these  boilers  aggregates 
776,500  pounds  of  water  per  hour.  It  is  interesting  to  know  that 
all  but  two  of  the  American  makes  of  boilers  are  equipped  with  au- 
tomatic stokers  or  chain  grates,  while  none  of  the  foreign  boilers 
use  other  than  plain  grates,  and  their  representatives  seemed  not  to 
know  anything  about  our  more  modern  practice  in  this  respect. 

The  boiler  pressure  for  general  use  is  175  pounds  per  square 
inch,  while  seven  of  the  boilers  are  to  be  operated  at  200  pounds 
pressure  per  square  inch  for  steam  turbine  purposes.     With  the 
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exception  of  six  small  boilers,  mechanical  induced  draft  is  used, 
each  battery  of  boilers  being  equipped  in  duplicate. 

There  is  also  located  in  this  building,  in  addition  to  the  usual 
boiler  feed  pumps,  heaters,  purifiers,  etc.,  four  Westinghouse  engines 
direct  connected  to  centrifugal  pumps  for  circulating  water  used  in 
the  condensing  system,  and  14  duplex  steam  pumps  for  the  high 
pressure  water  system. 

The  engine  room  proper  is  in  Machinery  Hall,  a  building  located 
about  200  feet  from  the  power  house  or  boiler  room.  The  engines 
are  so  located  in  Machinery  Hall  that  the  largest  unit,  a  5,000  h.  p. 
engine  is  nearly  900  feet  from  the  center  of  the  boiler  equipment, 
and  the  twenty  other  engines  are  located  at  various  points  along 
the  line.  Five  steam  lines  supply  these  engines,  one  of  18-inch,  one 
of  16-inch,  one  of  14-inch  and  two  of  12-inch  diameter.  To  those 
who  have  not  had  actual  experience  in  designing  and  installing 
steam  lines  of  such  length  and  diameter  it  will  doubtless  appear  to 
be  no  difficult  task,  but  those  who  have  had  such  experience  will 
readily  appreciate  the  statement  that  in  the  entire  plant  there  was 
no  more  difficult  problem  encountered  than  that  of  providing  for 
the  expansion  in  the  lines  and  of  making  them  steam  tight.  By 
actual  measurement  the  expansion  in  the  largest  line  was  16^ 
inches.  In  the  two  longest  lines  but  two  leaks  developed  during 
the  first  fi\'e  weeks  of  service  and  the  two  leaks  were  due  to  cracks 
in  flanges. 

The  steam  and  electrical  units  consist  of  the  following: 

Allis-Chalmers  Corliss  engine  and  Bullock  3,500  k.  w.  generator. 

General  Electric  turbine  and  2,000  k.  w.  generator. 

Hamilton-Corliss  engine  and  National  1,500  k.  w.  generator. 

2  Westinghouse  Corliss  engines  and  2  Westinghouse  2,000  k.  w. 
generators. 

2  Westinghouse  Corliss  engines  and  2  General  Electric  2,000  k. 
w.  generators. 

Hamilton-Corliss  turbine  and  Bullock  1,000  k.  w.  generator. 

These  units  aggregate  16,000  k.  w.  of  energy  and  are  designed 
to  generate  three-phase  25-cycle  alternating  current  at  an  initial  po- 
tential of  6,600  volts.  The  switch-board  arrangement  is  not  ideal, 
but  sufficiently  flexible  for  all  practical  purposes.  The  four  2,000 
k.  w.  Westinghouse  and  General  Electric  generators  are  arranged 
to  operate  in  parallel  on  either  one  or  both  of  two  sets  of  bus  bars, 
and  every  circuit  may  be  thrown  on  either  set  of  bus  bars. 

One  set  of  bus  bars  is  provided  in  the  center  with  an  oil  switch 
in  order  that  one-half  may  be  used  as  bus  bars  for  the  3,500  k.  w. 
Bullock,  2,000  k.  w.  Turbo  and  1,500  k.  w.  National  generators.  As 
each  of  the  circuits  entering  the  switchboard  is  provided  with  double 
throw  oil  switches,  the  load  may  be  transferred  as  desired. 
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The  last  named  units  are  connected  to  and  are  to  operate  in  par- 
allel from  a  sub-board  located  about  300  feet  from  the  main  board. 
The  transfer  from  the  sub-board  to  the  main  board  is  made  by 
means  of  three  300,000  c.  m.  three-phase  cables  in  parallel  which 
pass  through  an  8,000  k.  w.  oil  switch.  All  of  the  oil  switches  are 
electrically  controlled  and  the  circuit  switches  are  provided  with 
overload  release  relays,  allowing  the  switches  to  be  used  as  circuit 
breakers. 

These  25-cycle  units  are  used  to  supply  the  general  lighting  and 
power  requirements  for  the  exposition.  For  arc  lighting  in  the  out- 
lying sections  and  partial  lighting  in  the  buildings  there  has  been 
provided  the  following  units,  generating  50-cycle  alternating  current: 

Willans  engine  and  600  k.  w.  Stanley  generator. 

Mulhausen  engine  and  700  k.  w.  Society  Alsaccienne  generator. 

Buffalo  Forge  engine  and  132  k.  w.  Stanley  generator, 

Delaunay-Belleville  engine  and  1,000  k.  w.  I3elleville  generator. 

Skinner  engine  and  150  k.  w.  Warren  generator. 

As  two  of  these  generators  are  three-phase,  one  single-phase  and 
two  are  two-phase,  the  switchboard  arrangements  are  somewhat 
complicated  and  the  system  is  not  very  flexible. 

For  the  intramural  railroad  the  following  units  were  installed: 

Lane  &  Bodley  Corliss  engine  and  600  k.  w.  Crocker-Wheeler 
generator. 

Harrisburg  engine  and  400  k.  w.  Crocker-Wheeler  generator. 

Murray  engine  and  500  k.  w.  Crocker- Wheeler  generator. 

Buckeye  engine  and  900  k.  w.  Crocker-Wheeler  generator. 

Two  Brown-Corliss  engines  and  500  Crocker-Wheeler  generator. 

These  generators  are  connected  to  a  separate  switchboard  located 
on  the  north  side  of  the  building. 

There  are  only  two  other  direct  current  units  in  service  for  power 
purposes — an  American  Ball  engine  and  125  k.  w.  125  volt  genera- 
tor and  a  Greenwald-Corliss  engine  with  a  400  k.  w.  250  volt  Fort 
Wayne  generator. 

For  exciter  units  there  are  three  Westinghouse  engines  and  125 
k.  w.  Westinghouse  generators,  one  Ideal  engine  and  200  k.  w.  Bul- 
lock generator,  and  a  small  turbo  set  for  the  General  Electric  turbo- 
generator exhibit. 

All  of  the  steam  units  with  the  exception  of  three  small  engines 
are  of  the  compound  condensing  type  and  in  every  instance  the 
generator  is  direct  connected  to  the  engine  shaft.  There  is  not  a 
belt  used  in  connection  with  the  generation  of  any  of  the  electric 
current  in  the  power  plant. 

Other  generators  are  excited  with  either  direct  connected  exciter 
on  main  engine  shaft  or  by  means  of  motor  driven  sets. 

From  the  main  switchboard  i  7  three-phase  lead  covered  cables 
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are  run  in  a  subway  to  points  where  they  branch  off  into  conduits 
to  the  respective  buildings  or  sections  of  the  grounds  that  each 
cable  is  to  supply. 

There  are  three  divisions  of  service  required  First,  commercial 
lighting  of  the  exhibits  in  buildings,  the  Pike  and  state  sections ; 
Second,  decorative  lighting  of  the  buildings  and  grounds ;  Third, 
motors  for  cascade  pumps  and  motor  generator  sets. 

As  a  rule  the  circuits  are  all  operated  from  one  set  of  bus  bars 
with  the  exception  of  the  cascade  motor  circuits,  which,  on  account 
of  the  great  size  of  the  motors,  proved  to  be  too  much  of  a  disturb- 
ance on  the  lines.  Special  provisions  were  made  to  operate  these 
motors  from  generators  temporarily  assigned  for  the  purpose. 

The  motor-generator  and  rotary-converter  sets  are  placed  in  dif- 
ferent buildings  and  on  the  Pike  for  the  purpose  of  furnishing  di- 
rect current  at  different  voltages  to  exhibitors  for  power  purposes. 
Where  possible  the  direct  current  has  been  carried  from  one  build- 
ing to  another  in  order  to  minimize  the  number  of  motor-generators 
and  the  attendant  complications.  That  required  service  might  be 
furnished  on  this  plan  it  was  found  necessary  to  install  the  follow- 
ing sets: 

In  Machinery  Building,  one  200  k.  w.  125-volt  motor-generator 
and  one  300  k.  w.  500-volt  rotary  converter.  These  units  with  the 
400  k.  w.  250-volt  Fort  Wayne  generator,  supply  direct  current  to 
the  Machinery,  Transportation,  Forestry,  Fish,  Game  and  Agricul- 
tural Buildings.  A  section  of  the  Pike  is  also  supplied  with  a  part 
of  the  500-volt  current. 

In  Electricity  Building,  one  150  k.  w.  500-volt  rotary  converter  and 
two  150  k.  w.  125-volt  motor-generator  sets.  These  units  also  sup- 
ply the  Varied  Industries  Building. 

In  Educational  Building,  one  75  k.  w.  500-volt  rotary  and  two 
250  k,  w.  125-volt  motor-generator  sets.  These  units  also  supply 
the  Manufacturers'  Building. 

In  Mines  Building,  one  500-volt  rotary  and  two  125-volt  motor- 
generator  sets.  These  units  also  supply  Liberal  Arts,  Government 
and  Fisheries  Buildings. 

In  West  Cascades,  two  150  k.  w  125-volt  motor-generator  sets, 
supplying  current  for  elevators  and  motors  in  F'estival  Hall  and 
Restaurant. 

In  Terminal  House  on  the  Pike,  one  150  k.  w.  500-volt  rotary 
and  two  150  k.  w.  125-volt  motor-generators.  These  units  are  used 
to  supply  current  to  motors  and  arc  lamp  projectors  used  in  con- 
nection with  concessions. 

The  following  classes  of  service  are  available  in  the  dilTercnt 
buildincfs: 


3  wire  system. 


ElUcott — Electrical  Features  of  the  Exposition.  429 

Government  Building : 

110  volt  Direct  Current  ^  o      •  *  „ 

ooA      1.  T^-       ^  r-  *.  -  •>  wire  sj'stem. 

220  volt  Direct  Current  )  ^ 

500  volt  Direct  Current. 

110  volt  Alternating  Current,  2-5  cycle,  H  phase,  3  wire  system. 

Series  Alternating  50  cycle  for  Arc  Lighting. 

Mines  and  Metallurgy  Building: 

110  volt  Direct  Current  /  o      • 

.,.-,,,       .    ,,.       ^  ,^  ,  ,- 3  wire  system. 

220  volt  Direct  C  urrent  \ 

500  \o\i  Direct  Current. 

no  volt  Alternating  Current,  25  cycle,  3  phase,  4  wire  system. 

Series  Alternating  50  cycle  for  Arc  Lighting. 

Liberal  Arts  Building. 

110  volt  Direct  Current  |  o      •  *  „ 

A  "      1    T^-  /-  X  1  3  wire  system. 

220  volt  Direct  Current  )  ■' 

500  volt  Direct  Current. 

110  volt  Alternating  Current,  25  cycle,  3  phase,  4  wire  system. 

Series  Alternating,  50  cycle,  for  Arc  Lighting. 

Education  Building: 

110  volt  Direct  Current  / 

220  volt  Direct  Current  \ 

500  volt  Direct  Current. 

110  volt  Alternating  Current,  25  cycle,  3  phase,  4  wire  system. 

Series  Alternating,  50  cycle,  for  Arc  Lighting. 

Manufactures  Building  : 

110  volt  Direct  Current  /  .,      .  ,   „ 

o-iA      1.  T-,-       .  r-  ^  :  ■>  wire  system. 

220  volt  Direct  Current  \  ■' 

500  volt  Direct  Current. 

110  volt  Alternating  Current,  25  cycle,  3  phase,  4  wire  system. 

Series  Alternating,  50  cycle,  for  Arc  Lighting. 

Electricity  Building : 

110  volt  Direct  Current  K,      • 

., ,"       ,    „.       ^  ,,  ^  ,- .!  wire  system. 

220  volt  Direct  Current  \  •' 

500  volt  Direct  Current. 

110  volt  Alternating  Current,  25  cycle,  3  phase,  4  wire  system. 

110  volt  Alternating  Current,  CO  cycle,  2  phase,  4  wire  system. 
6600  volt  Alternating  Current,  25  cycle,  3  phase,  3  wire  system. 
2200  volt  Alternating  Current,  60  cycle,  2  phase,  4  wire  system. 
2200  volt  Alternating  Current,  50  cycle,  3  phase,  3  wire  system. 

Series  Alternating,  50  cycle,  for  Arc  Lighting. 

I'aricd  Industries  Building : 

110  volt  Direct  Current  I  ^,      ■  .    „ 

.T.i,v       1.  T^-       .  r-  .  .  •!  wire  system. 

220  volt  Direct  Current  S 

5C()  volt  Direct  Current 

no  volt  Alternating  Current,  25  cycle,  3  phase,  4  wire  system. 

Series  Alternating,  50  cycle,  for  Arc  Lighting. 

Machinery  Building : 

1 10  volt  Direct  Current. 

22(t  volt  Direct  Current. 

500  volt  Direct  Current. 

110  volt  Alternating  Current,  25  cycle,  3  phase,  4  wire  system. 

Bullock  Multi-voltage,  90-100-250  volt.  Direct  Current. 
Transportation  Builditig : 

110  volt  Direct  Current. 

220  volt  Direct  Current. 

500  volt  Direct  Current. 

110  volt  Alternating  Current,  25  cycle,  3  phase,  4  wire  system. 

Series  .Mternating,  50  cycle,  for  .\rc  Lighting. 
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Ai;}  ic  u  It  u  re  Rii  ihiitig^  : 

110  volt  Alternating  Current,  2.}  cycle  j  ^j      ,^  ^         .,  ^^-^^  ^ 

220  volt  Alternating  Current,  2o  cycle  ) 

'lOO  volt  Direct  Current. 

Series  Alternating,  oO  cycle,  for  Arc  Lighting. 

I  Jo  )l  {culture  Bu  ilding  : 

.^  w.  ^°i    ;■  25  cycle,  single  phase,  ;>  wire  systems. 
220  volt  \  ^  ^      f 

Series  Alternating,  50  cycle,  for  Arc  Lighting. 
Forestry,  Fish  and  Game  BuiliUng : 

III!  ''°1'  •^!'«'""^""-  Current,  2.5  cycle  J  ^;      ,^.  ^         3  ^^i^^  ^^.^^^^ 

220  volt  Alternating  (  urrent,  2o  cycle  \ 

500  volt  iJirect  Current. 

Series  Alternating,  .50  cycle,  for  .\rc  Lighting. 
Art  Calleries: 

220  volt  Alternating  Current,  25  cycle,  single  phase,  2  wire  system. 

Festival  Hall: 

110  volt  Alternating  Current,  25  cycle,  3  phase,  4  wire  system. 

It  is  difficult  to  appreciate  the  vast  amount  of  work  required  to 
distribute  the  eners^y  as  outlined  in  the  foregoing  list.     The  circuits 


Mining  and  Metallurgy  Building,  at  Night. 

for  each  class  of  service  were  run  entirely  around  each  building  in 
order  that  cut  in  services  might  be  quickly  made  when  applied  for 
by  exhibitors. 

The  most  striking  feature  is  the  decorative  lighting  of  the  build- 
ings. In  this  work  an  immense  amount  of  money  was  expended 
and  the  results  obtained  fully  warranted  it.  Every  building  is  out- 
lined with  incandescent  lights  and  the  important  architectural  fea- 
tures brought  out,  rendering  the  buildings  as  pleasing  and  imposing 
as  in  the  day  time.     The  Festival  1  lall  with  its  wings  ft)rmed  by  the 

The  illiistralioiis  of  Imiltlings  as  they  appear  at  ni^ht  are  rcprodiiceil  by  pennis'iion  of  ihc 
Ofticial  Photograph  Co.,  to  whom  thanks  are  hereby  returned. 
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Terrace  of  the  States,  and  flanked  by  the  l^lectricty  and  Educational 
Buildings,  having  the  Cascades  as  a  ground  work  and  the  (irand 
Basin  as  a  mirror  for  the  reflection  of  innumerable  lights,  makes  a 
picture  that  cannot  be  adequately  described,  and  must  be  seen  to 
be  appreciated.  Its  like  has  never  been  seen  and  it  is  doubtful  if 
an  etjual  amount  of  money  will  ever  again  be  expended  for  the  pur- 
pose of  decorative  lighting. 

Any  direction  in  which  one  turns  the  eye  is  met  with  practically 
the  same  spectacle,  varied  by  the  arrangement  and  architecture  of 
the  different  buildings — there  is  no  impression  of  sameness  as  one 
would  imagine.  Arc  lights  have  been  carefully  arranged  and  do 
not  appear  in  any  part  of  the  grounds  to  the  detriment  of  the  soft 
effect  given  by  the  use  cf  incandescent  globes.  The  approaches 
and  bridges  over  the  lagoons  are  tastefully  outlined  and  other 
ground  lights  on  ornamental  poles  are  used  to  maintain  the  general 
lighting  effect. 

Festival  Hall  and  the  Terrace  are  wired  in  triplicate  for  three 
colors  of  lights  and  by  July  ist  the  beautiful  effect  of  lighting  on 
the  entire  Art  Hill  may  be  enhanced  by  a  change  of  colors  fading 
from  white  into  emerald  and  emerald  into  crimson.  This  effect  is 
to  be  accomplished  by  the  use  of  water  rheostats  placed  in  the  pri- 
mary leads  and  electrically  operated,  and  that  which  savors  of  magic 
to  the  unitiated  is  only  the  application  of  comparatively  simple 
apparatus. 

The  cascades  and  fountains  which  may  be  termed  an  electrical 
demonstration,  represents  one  of  the  strongest  efforts  of  the  artists 
to  produce  an  effect  of  nature  and  permanence.  While  the  effect 
of  the  cascades  is  but  little  enhanced  by  any  lighting  that  condi- 
tions permitted,  it  serves  to  bring  out  the  outline  and  make  appar- 
ent the  flow  of  water,  which  otherwise  would  not  be  appreciated. 
The  water  is  pumped  92  feet  to  the  top  of  the  cascades  by  means 
of  centrifugal  pumps,  the  largest  ever  built,  each  direct  connected 
to  a  2,000  h.  p.  6,600-volt  induction  motor.  There  are  three  of 
these  pumps  and  motors  placed  in  a  line  and  located  under  the  east 
cascade.  There  is  no  outward  evidence  of  these  units  and  few  peo- 
ple know  b)-  what  force  or  means  the  magnificent  spectacle  and 
challenge  to  nature  is  produced.  No  similar  equipment  was  ever 
installed  for  any  purpose  and  it  serves  as  an  example  of  the  efforts 
made  by  the  exposition  to  demonstrate  new  and  interesting  methods. 
It  would  be  possible  to  speak  indefinitely  without  repetition  if  we 
were  inclined  to  consider  details.  There  is  only  one  way  to  gain 
even  a  fair  idea  of  tbe  magnitude  of  the  electrical  features  and  that 
is  to  visit  the  exposition.  When  those  of  you  who  do  visit  the  ex- 
position and  note  that  some  detail  is  not  carefully  carried  out  or 
the  arrangement  of  some  apparatus  might   have  been  better,  you 
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will  please  remember  that  time  is  an  important  element  in  all  work 
of  this  character  and  we  had  less  time  than  anything  else.  Con- 
sider that  on  December  ist  only  one  engine  and  four  boilers  were 
on  the  ground,  not  a  building  was  one-third  wired  and  some  had 
not  been  started,  not  a  foot  of  cable  was  installed  or  transformer  in 
place,  that  the  plans  had  not  even  been  completed,  and  with  all 
this  work  and  much  more  to  do,  it  is  not  strange  that  some  things 
were  not  done  in  theoretically  the  best  manner. 

I  want  to  acknowledge  my  indebtedness  to  H.  F.  Smith,  assistant 
mechanical  engineer,  and  W.  M.  Dixon,  assistant  electrical  engineer, 
who  were  my  close  advisers  and  assistants  in  the  work.  They  both 
proved  their  ability  in  every  way,  and  it  was  as  much  due  to  them 
as  myself  that  one  minute  and  nine  seconds  after  the  signal  was 
given  by  President  Roosevelt,  the  entire  machinery  was  started 
and  water  pumped  over  the  cascades  and  at  7:30  p.  m.  on  the  open- 
ing day,  the  entire  decorative  lighting  was  turned  on  at  the  exact 
schedule  time. 

When  this  paper  was  read  to  the  Electrical  Section,  W.  S.  E.,  many  lantern 
slide  illustrations  were  shown,  which  have  not  been  reproduced.  These  include 
some  views  of  work  done,  the  installation  of  electric  cables,  etc.,  etc.,  and  ex- 
planations made,  as  they  were  shown,  by  the  author  of  the  paper. 


THE  ESTABLISHMENT  OF  AN  ENGINEERING  DIRECTORY. 

As  one  of  the  functions  of  the  Western  Society  of  Engineers  is  to  promote  a 
feeling  of  comradeship  between  its  members,  and  to  render  assistance  to  them  in 
their  professional  work,  the  Board  of  Direction  have  decided  to  establish  what 
for  want  of  a  better  term,  may  be  called  an  Engineering  Directory.  The  object  of 
this  is  to  bring  together  those  members  who  may  be  on  the  outlook  for  an  engage- 
ment and  those  who  desire  the  services  of  engineers.  It  is  proposed  to  do  this 
without  cost  to  the  members  in  the  way  of  charges,  fees,  etc. 

The  name  of  the  applicant  for  position  will  be  kept  privately  by  the  Secretary 
and  not  given  out,  except  as  provided  for  in  the  rules,  and  every  endeavor  will  be 
made  not  only  to  render  real  assistance  to  those  members  of  the  Western  Society 
of  Engineers  who  are  out  of  employment,  or  who  may  be  in  search  of  more  con- 
genial positions,  but  to  render  such  assistance  in  the  right  way. 

Attention  of  employers  of  engineers,  whether  members  or  not,  is  also  called 
to  the  exceptional  value  of  this  bureau  to  parties  desiring  engineering  services  of 
the  highest  order. 

Rules  to  Govern  the  Conduct  of  this  Directory. 

First.  Blank  applications  for  employment  will  be  given  to  any  member  of 
the  Western  Society  of  Engineers  or  forwarded  to  him  on  receipt  of  request,  accom- 
panied by  a  self-addressed  stamped  envelope. 

Second.  When  returned  to  the  Secretary,  these  applications  shall  be  num- 
bered for  identification,  and  posted  on  a  public  file  in  the  rooms  of  the  Society. 
The  name  and  address  of  applicant  shall  be  kept  on  the  detached  coupon  on  a 
private  file,  numbered  the  same  as  the  application,  and  will  not  be  given  out  ex- 
cept to  bona  fide  employers,  and  then  only  when  in  the  judgment  of  the  Secretary 
no  confidence  is  violated  in  so  doing. 

Third.  Applications  from  employers  of  engineers  will  be  placed  on  a  similar 
public  file,  and  notifications  will  be  sent  to  all  applicants  meeting  the  required  con- 
ditions, or  to  any  applicant  specially  designated  by  prospective  employer. 

Fourth.  Applications,  whether  of  employers  or  those  seeking  employment, 
shall  be  kept  on  file  for  the  two  calendar  months  succeeding  the  date  of  appli- 
cation, and  then  taken  oft  and  destroyed.  A  brief  abstract  of  each  applicaton, 
identified  by  number  only,  and  stating  character  of  position  sought  and  salary  ex- 
pected, will  be  published  in  the  Journal.  Any  letters  addressed  to  file  numbers  in 
care  of  the  Secretary  will  be  forwarded  to  destination. 

Fifth.  Applications  may  be  kept  on  file  for  a  longer  period  than  two  months 
if  desired  by  the  applicant,  who  shall  notify  the  Secretary  to  this  effect  by  postal 
card  or  otherwise.  Applicants  are  also  requested  to  notify  the  Secretary  promptly 
when  the  application  is  to  be  taken  off  the  file. 

It  is  to  be  hoped  that  this  arrangement  of  applications,  etc.,  filed  at  the 
offices  of  the  Society,  will  result  in  benefit  to  those  members  who  are  seeking  a 
professional  engagement. 

By  Order  of  the  Board  ok  Direction. 

J.  H.  Warder,  Secretary. 
August  5,  1902. 
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EXCURSION  TO  KANKAKEE,  ILL., 

AuciUST    12,    1904. 

The  members  of  the  Western  Society  of  Mn;;ineers,  with  their 
famihes  and  friends  had  a  pleasant  excursion  to  Kankakee,  111., 
Aug.  12,  1904. 

Through  the  courtesy  of  the  Illinois  Central  Railroad  Co.,  a 
special  train  was  provided  for  the  trip. 

Mr.  J.  B.  Marsh,  of  Des  Moines,  Iowa,  is  the  contractor  for  a  re- 
inforced concrete  bridge  across  the  Kankakee  River,  at  Washing- 
ton avenue,  and  it  was  to  see  this  work  under  construction  that  the 
excursion  was  planned.  The  illustrations  give  some  idea  of  the 
bridge,  which  is  being  built  for  the  City  of  Kankakee,  111.  The 
bridge  consists  of  seven  (7)  semi-eliptic  arches,  each  of  73  feet, 
clear  span,  and  with  a  rise  of  8  feet  5  inches.  The  bridge  is  46 
feet  wide,  will  have  two  footwalks,  and  is  to  carry  a  double  track 
electric  railway.  The  total  length  of  the  concrete  construction  is 
593  feet,  and  between  5,000  and  6,000  cubic  \ards  of  concrete  will 
be  used  in  the  structure. 

The  concrete  of  the  arches  is  of  a  1-2-4  mixture,  of  the  spandril 
walls  is  a  1-3-6  mixture,  while  the  piers  antl  abutments  are  of  con- 
crete of  1-354-7  mixture. 

The  crown  of  the  arch  is  16  inches  thick,  but  the  reinforcement, 
of  Thacher  bars,  i  ^'^-inch  diameter,  is  spaced  10  inches  c.  to  c. 
vertically,  at  the  crown  of  the  arch,  with  a  greater  distance  at  the 
abutments. 

The  bars  are  17  inches  c.  to  c.  across  the  width  of  the  bridge,  and 
the  upper  and  lower  series  of  bars  are  tied  together  at  frequent  in- 
tervals. Mr.  Marsh  has  been  very  fortunate  thus  far,  in  the  weather 
conditions,  and  has  been  able  to  push  the  work  forward  in  a  com- 
mendable manner.  The  methods  of  handhng  the  material,  and  the 
organizatian  of  the  working  force,  are  admirable,  and  contribute  in 
no  small  degree  to  the  excellent  progress  of  the  work. 

On  the  arrival  of  the  special  train  at  Kankakee  the  party  was  met 
by  Mr.  Marsh  and  many  of  the  city  officials,  who  did  every  thing 
to  make  it  pleasant  for  their  visitors. 

A  trolley  ride  around  the  city,  out  to  Bradley  antl  beyond,  was 
taken,  and  dinner  was  furnished  at  two  of  the  hotels,  after  which 
came  the  inspection  of  the  concrete  bridge. 

Near  the  bridge  a  concrete  dam,  for  water  power,  was  under  con- 
struction, of  which  Mr.  T.  T.  Johnston,  M.  W.  S.  K.,  is  the  engi- 
neer. After  looking  over  the  bridge  manv  of  the  party  were  taken 
to  the  "ICastern  Hospital  for  the  Insane,"  a  state  institution,  and 
one  of  the  largest  in  the  United  States,  but  time  was  too  short  to 
permit  of  much  examination  of  the  buildings  and  beautiful  grounds. 
—  Return  was  made  to  Chicago  before  5  o'clock. 
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Washington  Ave.  Bridge,  Kankakee,  111. 
Reinforced  Concrete. 


ABSTRACT  OF  MINUTES  OF  THE  SOCIETY. 

KECU/.AR  MEETING— April  b,  iqo4. 

A  regular  meeting  of  the  Society  (No.  520)  was  lield  on  the  6th  of  April  and 
•was  called  to  order  at  S:20  p.  m.  with  President  Parkhurst  in  the  Chair  and  about 
140  members  and  guests  present 

The  Secretary  read  the  Minutes  of  the  meetings  held  March  2d,  16th,  l8th 
and  30th,  which  were  approved. 

A  report  from  the  Hoard  of  Direction  announced  the  election  of  the  following 
persons  into  membership,  at  their  regular  meeting,  held  April  5th,  under  their  re- 
spective grades: 

B.  F.  Affleck,  Chicago,  Associate. 

Henry  M.  Byllesby,  Chicago.  Active. 

Otto  E.  Osthoft,  Chicago,  Active. 

Arthur  S.  Hue\',  Chicago,  Associate. 

Arthur  M.  Morgan,  Chicago,  Active. 

P.  B.  Woodworth,  Chicago,   Active. 

W.  B.  Hale.  Chicago,  Active. 

Myron  M.  Fowler,  Chicago,  Junior. 

Albert  Scheible,  Chicago,  Active. 

Albert  L.  Tucker,  Chicago,  Active. 

Hardy  P.  Kiefter,  Chicago,  Associate. 

James  R.  Cravath,  Chicago,  Active. 

Horace  G.  Dimick,  Chicago,  Associate. 

Fred.  A.  Rogers,  Chicago,  Active. 

J.  G.  Wray,  Chicago,  Active. 

Also  that  the  following  list  of  new  applications  had  been  received; 

Ellis  C.  Soper,  Chicago. 

George  H.  Lukes,  Chicago. 

Van  Rensselaer  Lansingh,  Chicago. 

Harry  R.  King,  Chicago. 

Frederick  Roeber,  Eagle  Grove,  Iowa. 

Eugene  Rummler,  Chicago. 

Francis  Raymond,  III,  Chicago. 

S.  G.  McMeen,  Chicago. 

Charles  J.  Carlsen,  Chicago. 

Fred.  M.  Davis,  Chicago. 

Oscar  Linder,  Chicago. 

James  L.  Mills,  Chicago. 

A.  O.  Kuehmsted,  Chicago. 

S.  M.  Zurawski,  Chicago. 

Henry  P.  Clausen,  Chicago. 

Guy  E.  Ditzler,  Chicago. 

Elwood  W.  Jewell,  Chicago. 

Clarence  H.  Norwood,  Chicago. 

R.  F.  Schuchardt,  Chicago. 

Austin  Kimble,  Chicago. 

Charles  H.  Smoot,  Chicago 

Hayward  Cochran,  Chicago. 

Hugh  S.  Carr,  Constantine,  Mich. 

Charles  E.  DeCrow,  Chicago. 

Gustav  A.  Roth,  Chicago. 

Charles  H.  Roth,  Chicago. 

Henry  W.  Young,  Chicago. 

Wm.  H.  Slingluff,  Chicago. 

Edward  Dvorak,  Chicago. 

Geo.  R.  Brandon,  Chicago. 

De  Witt  C.  Tanner,  Chicago. 

Geo.  N.  Eastman,  (^hicago. 

F.  M.  Holbrook,  Chicago. 

■i:i8 
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John  H.  Sass,  Downer's  Grove,  111. 

Byron  Layton,  Chicago. 

Edward  M.  Miller,  Chicago. 

Carl  Wiler,  Chicago. 

LeRoy  W.  Stanton,  Cleveland,  Ohio. 

Samuel  F.  Joor,  Chicago. 

Walter  T.  Kay,  Chicago  . 

Lyford  C.  Bradley,  Chicago. 

Robert  H.  Merrill,  Grand  Rapids,  Mich. 

Durl  P.  Ruger^  Chicago. 

P.  A.  Fisker,  Chicago. 

A  telegram  from  Professer  Howe  was  read,  stating  that  it  would  be  impossi- 
ble for  him  to  be  present  to  present  in  person  his  paper  on  Reinforced  Concrete. 

The  Secretary  announced  that  an  invitation  had  been  extended  to  the  Western 
Society  of  Engineers  by  the  Chicago  Architectural  Club,  to  attend  an  illustrated 
lecture  by  Victor  Falkenau  on  "The  Baltimore  Fire  and  its  Lessons,  with  special 
reference  to  the  High-Pressure  Water  System, "  at  the  Art  Institute;  the  date  to 
be  announced  later. 

Prof.  W.  H.  Hatt  was  then  introduced,  who  abstracted  his  paper  on  "Flexure 
of  Reinforced  Concrete  Beams."  aided  by  blackboard  illustrations. 

In  the  absence  of  Professor  Howe,  Mr.  Condron  read  his  paper  on  '  'Cross-bend- 
ing Tests  on  Steel-Concrete  Beams. "  At  the  conclusion  of  Mr.  Condron 's  pre- 
sentation of  Prof.  Howe's  paper,  a  number  of  lantern  slides  were  shown,  illustra- 
ting both  papers. 

The  papers  were  discussed  by  Messrs.  Schaub,  Sherman,  A.  L.  Johnson, 
Montgomery,  Condron,  McArdle,  Benezette  Williams,  Professor  Talbot  and  Pro- 
fessor Hatt. 

On  motion  of  Mr.  C.  H.  Cartlidge,  further  discussion  was  postponed  until  a. 
subsequent  meeting,  the  date  to  be  announced  later. 

The  meeting  adjourned  about  10:45  P-  ™- 

EXTRA  MEETING— April  20,  igo4. 

An  extra  meeting  (No.  521)  was  held  in  the  rooms  of  the  Society  on  the  20th 
of  April,  and  was  called  to  order  at  8:30  p.  m.  with  Vice  President  Hotchkiss  in 
the  Chair  and  about  50  members  and  guests  present. 

As  there  was  no  business  to  come  before  the  Society,  Mr.  George  E.  Ellis  was 
introduced,  who  presented  his  paper  on  "Railroad  Signaling."  The  paper  was 
illustrated  by  a  large  number  of  lantern  slides.  Written  discussion  from  Mr. 
Dwight  C.  Morgan,  of  St.  Paul,  was  read  by  the  Secretary. 

The  meeting  adjourned  about  10:40  p.  m. 

REGULAR  MEETING— May  4,  igo4. 

A  regular  meeting  of  the  Society  (No.  522)  was  held  Wednesday  evening.  May 
4th,  in  the  rooms  of  the  Society.  The  meeting  was  called  to  order  at  8:15  o'clock, 
with  W.  L.  Abbott,  Second  Vice  President,  in  the  Chair,  and  about  45  members 
and  guests  present. 

The  minutes  of  the  regular  meeting  April  6th,  and  of  the  meeting  of  April 
20th,  were  read  and  approved. 

A  report  from  the  Board  of  Direction  announced  the  election  of  the  following 
persons  into  membership  of  the  Society: 

William  E.  Reynolds,  Chicago,  Active. 

Samuel  A.  Rhodes,  Chicago,  Active. 

Harold  Alraert,  Chicago,  Active. 

Martin  L.  Brown,  Chicago,  Associate. 

Herbert  M.  Wheeler,  Chicago,  Junior. 

Alexander  W.  Mosely,  Chicago,  Active. 

Ellis  Clark  Soper,  Chicago,  Junior. 

Van  Rensselaer  Lansingh,  Chicago,  Active. 

Harry  R.  King,  Chicago,  Active. 

Fredrick  Roeber,  Eagle  Grove,  la..  Active. 
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Eugene  A.  Rummler,  Chicago,  Active. 
Francis  Raymond,  III,  Chicago,  Associate. 
Samuel  G.  McMeen,  Chicago,  Active. 

Charles  J.  Carlsen,  Chicago,  Active. 

A.  O,  Kuehmsted.  Chicago,  Associate. 

S.  M.  Zurawski,  Chicago,  Active. 

Henry  P.  Clausen,  Chicago,  Active. 

Guy  E.  Ditzler,  Chicago,  Active. 

Elwood  W.  Jewell,  Chicago,  Acti%'e. 

C.  H.  Norwood,  Chicago,  Associate. 

R.  F.  Schuchardt,  Chicago,  Active. 

Hayward  Cochrane,  Chicago,  Active. 

George  R.  Brandon,  Chicago,  Active. 

Frederick  M.  Holbrook,  Chicago,  Active. 

Also  that  the  following  new  applications  had  been  received  : 

Thos.  G.  Grier,  Chicago. 

Howard  Brooks,  Durango,  Mexico. 

James  T.  Walsh,  Chicago. 

James  A.  S.  Redfield,  Belle  Plain,  Iowa. 

Charles  M.  Denise,  Chicago. 

George  W.  Brady,  Chicago. 

Alex  M.  Blumenthal,  Chicago. 

Bernard  F.  Sieben,  Chicago. 

Frederick  A.  Watkins,  Chicago. 

Hermann  Haussmann,  Jr.,  Chicago. 

A  letter  from  Prof.  W.  K.  Hatt,  Chief.  Section  of  Timber  Tests,  Bureau  of 
Forestry,  U.  S.  Department  of  .\griculture,  dated  April  i6th.  was  presented,  in- 
cluding a  draft  of  some  resolutions  to  be  submitted  to  the  Society  relative  to  the 
work  of  investigations  into  timber,  now  under  operation  in  the  Bureau  of  Forest- 
ry, as  follows: 

"Whereas,  The  Western  Society  of  Engineers,  with  a  membership  of  about 
750,  recognizes  the  value  of  the  timber  tests  now  being  carried  on  by  the  Bureau 
of  Forestry,  United  States  Department  of  Agriculture,  in  determining  the  struc- 
tural value  of  the  various  species  of  commercial  timbers  of  the  United  States,  and 
the  value  of  the  investigations  being  made  as  to  the  best  methods  for  handling  and 
preserving  timbers;  and 

"Whereas,  It  further  recognizes  the  application  of  the  results  of  this  work 
m  the  design  of  safe  and  economical  structures;  in  the  preservation  of  existing 
supplies  of  timber;  and  in  making  possible  the  conservative  administration  of  for- 
est tracts  in  the  general  interest  of  forestry; 

"Be  it  resolved.  That  this  Society  hereby  records  its  appreciation  of  the 
work  thus  far  completed,  and  urges  the  Honorable  Secretary  of  Agriculture  to  re- 
quest Congress  to  make  such  appropriations  as  may  be  necessary  to  carry  out  the 
investigations  in  the  most  effective  and  satisfactory  manner. 

"The  Secretary  of  this  Society  is  hereby  instructed  to  send  a  copy  of  these 
resolutions  to  the  Honorable  Secretary  of  .Agriculture,  and  to  the  Forester  of  the 
United  States  Department  of  Agriculture." 

On  motion  of  Mr.  Finley,  duly  seconded  and  carried,  the  resolutions  were 
adopted. 

Dr.  Wm.  B.  Phillips,  Director  of  the  University  of  Texas  Mineral  Survey,  was 
then  introduced,  who  presented  his  paper  on  "Texas  Coal,  Lignite,  Oil  and  As- 
phalt," the  paper  being  illustrated  by  many  lantern  slides. 

Discussion  followed  from  Messrs.  W.  L.  Abbott,  Schrader,  Finley,  DeWolfe, 
Warder,  Layfield,  Dimick,  Billow,  Flather  and  Phillips. 

The  meeting  adjourned  about  10  p.  m. 

EXTKA  MEETING— May  it,  1904. 

An  extra  meeting  of  the  Society  (No.  523)  was  held  Wednesday  evening.  May 
iith,  in  the  rooms  of  the  Society.  The  meeting  was  called  to  order  at  8;20  p.  nv, 
with  Mr.  W.  H.  Finley,  Past  President,  in  the  Chair,  and  about  35  members  and 
guests  present. 
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Mr.  Geo.  S.  Rice,  M.  W.  S.  E.,  presented  his  paper  on  "The  Use  of  Steel  for 
Coal  Mine  Tipples,  and  a  classification  of  Same."  The  paper  was  illustrated  by 
lantern  slides,  and  discussion  followed  from  Messrs.  Warder,  Liljencrantz,  J.  F. 
Jackson,  Finley,  Schaefer,  Spielman  and  Rice. 

The  meeting  adjourned  about  10:15  P-  ^i. 

REGULAR  MEETING— June  r,  igo4. 

A  regular  meeting  of  the  Society  (No.  524)  was  held  in  the  Society  Rooms  on 
the  1st  of  June,  and  was  called  to  order  at  8:20  p.  m.  with  Past  President  Finley 
in  the  Chair,  with  about  100  members  and  guests  present. 

The  Secretary  read  the  Minutes  of  the  meetings  held  May  4th  and  nth  which 
were  approved. 

A  report  from  the  Board  of  Direction  announced  the  election  of  the  following 
persons  into  membership,  at  their  regular  meeting  held  May  31st,  under  their  re- 
spective grades: 

Oscar  J.  West,  Chicago,  Active. 

George  H.  Lukes,  Evanston,  111.,  Active. 

Byron  Layton,  Chicago,  Active. 

Le  Roy  W.  Stanton,  Cleveland,  Ohio,  Active. 

Thomas  G.  Grier,  Chicago,  Active. 

Howard  Brooks,  Velardena,  Durango,  Mexico,  Active. 

James  A.  S.  Redfield,  Belle  Plain,  Iowa,  Active. 

Chas.  M.  Denise,  Chicago,  Active. 

Herman  Haussman,  Jr.,  Chicago,  Junior. 

Also  that  the  following  new  applications  had  been  received: 

Edwin  F.  Pierce,  Chicago,  Active. 

Kempster  B.  Miller,  Chicago,  Active. 

John  Harper,  Evanston,  111. 

Chason  W.  Brooks,  Chicago,  Junior. 

Lewis  M.  Martin,  Anita,  Iowa,  Junior 

William  C.  Porter,  Laurel,  Miss.,  Active. 

On  motion  of  Mr.  Liljencrantz  this  report  was  accepted. 

Mr  Grant  offered  a  resolution  that  the  meetings  of  the  Society  be  suspended 
during  July  and  August,  which  motion  was  duly  carried. 

The  subject  for  the  evening  was  further  discussion  of  the  papers  by  Professors 
Halt  and  Howe  on  Reinforced  Concrete,  presented   before  the  Societ}'  April  6th. 

Discussion  was  pre.sented  by  Messrs.  Jas.  J.  Harding,  Fulton,  Bainbridge 
(read  by  Mr.  Condron),  L.  P.  Mensch,  C.  H.  Cartlidge  (read  bv  Mr.  Eldridge), 
and  William  Sooy  Smith. 

The  meeting  adjourned  about  10:15  P-  '^■ 

ELECTRICAL    SECTION. 
SECOXD  MEETING— June  24,  1904. 

The  second  meeting  of  the  Electrical  Section  of  the  Society  was  held  in  the 
audience  room  Friday  evening,  June  24th.  (This  was  an  extra  meeting  (No.  525) 
of  the  Society.)  The  meeting  was  called  to  order  at  8:30  o'clock,  with  Chairman 
W.  B.  Hale  in  the  Chair,  and  about  35  members  and  guests  present. 

The  Chairman  stated  that  it  had  been  thought  advisable  by  the  Board  of  Di- 
rection and  the  Executive  Committee  of  the  Electrical  Section  that  some  special 
rules  should  be  prepared  as  a  line  of  procedure  for  future  work,  and  that  such 
rules  had  been  prepared  by  the  Executive  Committee  of  the  Electrical  Section, 
assisted  by  the  Secretary.  These  rules  were  presented  but  action  was  defered 
until  a  later  meeting. 

Mr.  E.  B.  Ellicott,  M.  W.  S.  E.,  City  Electrician  of  Chicago,  and  Chief  Mechan- 
ical and  Electrical  Engineer  cf  the  Louisiana  Purchase  Expositon,  St.  Louis,  was 
then  introduced  who  presented  his  paper  on  "  Some  of  the  Electrical  Features  of 
the  Exposition,"  this  being  illustrated  by  lantern  slides. 

'The  meeting  adjourned  about  9:40  p.  m. 

J.  H.  Warder,  Secretary. 
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The  Library  Committee  wishes  to  express  thanks  for  donations 
to  the  hbrary.  Back  numbers  of  periodicals  are  desirable  for  ex- 
change and  in  completing  valuable  volumes  for  our  files. 

Since  the  issue  of  the  Journal  for  April,  1904,  we  have  the 
pleasure  to  report  the  following  additions  to  the  library  and  gifts 
from  donors  named  : 

NEW  BOOKS  PURCHASED. 

Abady,  "Gas  . Analyst 's  Manual.  "     1902. 

Abbott.  "Telephony,''  Part  i  —  "Location  of  Central  Offices."     1903. 

2 — "Construction  of  Underground  Conduits." 
"     3— "The  Cable  Plant." 

"  "  "     4 — "Construction  of  Aerial  Lines." 

Ayrton,   "The  Electric  Arc." 
Bell,  Louis,  "Electric  P'ower  Transmission."     1901 

"Power  Distribution  for  Electric  Railways, "     1900. 
Billings,  "Ventilation  and  Heating."     1893. 
Bodmer,  "Hydraulic  Motors  and  Turbines.  "      1893. 
Boulger,  "Wood — A  Manual  of  Natural  History  and  Industrial  Application  of  the 

Timbers  of  Commerce."      1902. 
Chatelier  and  Boudouard,  "High-temperature  Measurements."      1901. 
Clark,  "Building  Superintendence."     1903. 
Considere,  "Reinforced  Concrete."     1903. 
Harbord,   "Metallurgy  of  Steel."     1903. 
Hawkins.  "The  Dynamo."     1903. 
Hempel.  'Methods  of  Gas  Analysis."     1902. 
Herrick,     'Practical  Electric  Railway  Hand-book."     1901. 
Hiorns,  "Iron  and  Steel  Manufacture.  "     1902. 
Houston  and  Kennelly,  "Electric  Heating.  "     1895. 

"Electric  Incandescent  Lighting."      1902. 
"  "  "  "Electric  Arc  Lighting."     1902. 

"Electric  Street  Railways.  "     1902. 
Houston,  "Dictionary  of  Electrical  Words,  Terms  and  Phrases.''     1898. 
Hutton,  "The  Gas  Engine.  "     1903. 
Jones,  "Machine  Design,  Part  i — Kinematics  of  Machinery.   "     1903. 

"       "Machine  Design,  Part  2  — Form,    Strength    and    Proportions    of    Parts.'' 
1904. 
Keep,  'Cast  Iron."     1902. 

Lyndon,  "Storage  Battery  Engineering.  "     1903. 
Maurer,  "Technical  Mechanics. ''     1903. 

Mavcock,  "Electric  Lighting  and  Power  Distribution."    1902-1903.    'Vols.  I  and  II. 
Parham  and  Shedd,  "Shop  and  Road  Testing  of  Dynamos  and  Motors."     1901. 
Phillips,  "Engineering  Chemistry."     1902. 
Pratt,  "American  Railways.  "     1903. 
Pratt  and  Alden,  "Street  Railway  Roadbed."     1898. 
Smith,   "Proof-Reading  and  Punctuation.  "     1903 
Snyder,  "Chemistry  of  Plant  and  Animal  Life."      1903. 

Swenson  and  Frankenfield,  "Testing  of  Electro-Magnetic  Machinery,  etc."    1904. 
Thorp,  "Outlines  of  Industrial  Chemistry."     1903. 
Wagner,  "Manual  of  Chemical  Technology."     1900. 
Walker,  "Introduction  to   Physical  Chemistry."     1903. 
Wilson,  "Irrigation  Engineering   '     1903. 

MISCELLANEOUS  GIFTS. 

American  Boiler  Manufacturer's  Association,  Proceedings  loth  annual  convention 

•    at  St.  Louis,  1898.     Pamphlet. 
Brown,  Chas.  C,  Indianapolis,  Ind.,  Directory  of  Cement  Industries.      1904. 
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Burlington,  Vermont,  City  of.  Annual  Report  Health  Officer  for  1903.     Pamphlet, 

Camp,  W.  M.,  Chicago,  Blue  Book  of  American  Shipping,  1899;  ^  bound  volume. 

Canadian  Society  of  Civil  Engineers,  Montreal.      Two  pamphlets: 
Constitution  and  List  of  Members,  1904. 
Report  Annual  Meeting,  1904. 

Carnegie  Institution  of  Washington,  D.  C  ,  two  pamphlets:    Year  Book  No.  i,  1902; 

"     No.  2,  1903. 

Chicago  Board  of  Trade,  Year  Book  for  1903.     Cloth. 

Commercial  Club,  Chicago,  Pamphlet,  "The  Street  Paving  Problem  of  Chicago," 
by  John  \V.  Alvord.      1904 

Cooley,  Lyman  E.,  M    W.  S.  E.,  Chicago;  cloth  bound  volumes,  U.  S.  Geological 
Survey  Reports  for  18S5-6,  1886-7. 

Corthell,  Elmer  L.,  M.  W.  S.  E.,  New  York,  "The  Tampico  Harbor  Works,  Mex- 
ico."    Pamphlet. 

Crerar  Library,  Chicago,  pamphlet;  9th  annual  report  for  1903. 

Elmer,  H.  N.,  M.  W.  S.  E.,  Chicago,  sundry  books: 

1  vol.  quarto  cloth,  U.  S.  Geological  Survey,  21st  annual  report, 

1899-1900,  Part  IV       Hydrography. 
7  vols,  octavo  cloth.  Reports  Chief  Engineer  U.  S.  A  ,  1900,  parts 

r-7  inclusive. 
6  vols,  cloth.  Reports  Chief  Engineer  U.  S.  A.,  1901. 

2  vols,  cloth,  Reports  Chief  Engineer  U.  S.  A.,  1902,  Parts  I  and 

III. 

1  vol.  cloth,  Indiana  State  Geological  Report,   1930. 

2  vols,  cloth,  Indiana,  Dept.   of  Statistics,  sth  report  1893-4  and 
8th  report,  1899-1900. 

Sundry  pamphlets: 

Copies  of  Journal  W.  S.  E. 

Report,  State  Bureau  of  Mines,  Colorado,  1S97. 
Report,  13th  convention  R.  R.  Supts.  Bridgesand  Buildings,  1903. 
Ewald,  Frank  G.,  M.  W.  S.  E.,  Springfield,  111.,  two  volumes,  flexible  morocco: 
Report  R.  R.  &  W.  Commission  of  Illinois  for  1903. 
Decisions  and  Opinions  of  the  R.  R.  &  W.  Commissioners  of  Illi- 
nois, Vols.  I  and  II,  1889-1903. 
Fritch,  L.  C,  Sec'y,  American  Radway  Engineering  and  Maintenance  of  Way  As- 
sociation, seven  pamphlets: 
Bulletins  28,  35,  39.  46.  47,  48;   and  Vol.    II,    No.  i,    Nov.,    1900. 
Huyette,  M.  C,  Chicago,  one  cloth  bound  volume,  "Coal  is  King."     1903. 
Institution  of  Civil  Engineers,  London,  pamphlet;   Minutes  of  Proceedings,  1903  4 

Vol.  CLV. 
Jackson,  Geo.  W.,  M    VV    S.  E  ,  Report  of  High  Pressure  Water  System.     Pam. 
Jacobs,  Chas.  M.,  Chief  Engineer  Penna.,  N.  J.  &  N.  Y.  R.  R.  Co.,  North  River 

Division;  Contract  Drawings,  Specifications,  etc. 
Jamieson,  J.  A.,  Montreal,  pamphlet,   "Grain  Pressures  in  Deep  Bins."      1903 
Litten,  Nelson  L.,  Chicago,  two  bound  volumes,   "Acetylene  Journal;"  Vols    3  and 

4,   1901-2;    1902-3. 
Lowell,  Mass.,  Water  Board,  31st  Annual  Report  to  City  Council,  City  of  Lowell, 

for  1903.      Pamphlet. 
Lynn,  Mass.,  Public  Library,  J.  C.  Houghton,  Librarian,  41st  Annual  Report   for 

1903,  of  Trustees,  Librarian  and  Treasurer. 
Massachusetts  Institute  of  Technology,  Boston,  pamphlets. 

Courses  in  Chemistry  and  Chemical  Engineering.  1903. 
Dept.  of  Mechanical  Engineering,   1902. 
Dept.  of  Naval  Architecture,  1902. 

Annual  Report  of  President  and  Treasurer,  Dec.  9,  1903. 
Massachusetts  Railroad  Commissioners,  two  bound  volumes  and  three  pamphlets; 

Reports  1876,  1877,  i8.S7,  1890,  1903. 
Metropolitan  Water  and  Sewage  Board,  Wm.  M.  Davenport,  Secy;  3d  Annual  Re- 
port, 1903.     Cloth. 
New  Jersey,  State  of,  "Report  of  Commissioner  of  Public  Roads  for  1903."    Bound 

volume. 
New   Jersey,  State  of,  J    Willard  Morgan,  Comptroller,  cloth  bound  volume.  An- 
nual Statements  of    Railroad  and  Canal  Companies  of    New 
Jersey,  for  1903. 
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New  York,   City  of,  Report  of    Commissioners  of  Accounts,    "Asphalt  Paving," 

February,  1904.     Cloth. 
Noble,  Alfred,  Chief  ICngineer,  East  River  Division,  Penna.,  New  York  &  Long 
Island  R.   R.  Co  ,  New  York  City,  Contract  Drawings,  Speci- 
fications, etc. 
Ohio  State  Geologist,  E.   Orton,  Jr.,  cloth  bound  volume.  Bulletin  No.    i.  Series 
IV,   Geological  Survey  of  Ohio,    1903,  Oil  and  Gas,   by  Bow- 
nocker. 
Providence,  R.  1.,  City  of.  Annual  Report  of  City  Engineer  tor  190.^      Pamphlet. 
Ripley,  Joseph,  Gen'l.  Supt.,  St.  Mary's  Falls  Canal,  pamphlet:     "Statistical  Re- 
port of   Lake  Commerce  Passing  Canals  at  Sault  Ste.  Marie, 
^lich  ,  and  Ontario  during  1903.   ' 
Royal  Engineers  Institute,  Chatham,  "The  Blacksmith's  Work,"  by  Major  R.  F. 

Sorsbie. 
Sanitary  District  of  Chicago,  Board  of  Trustees; 

Proceedings  for  the  year  1903 — half  leather  bound. 
Annual  Report  of  Engineering  Department,  1903.     Pamphlet. 
Report  on  Organization,  Resources,  Constructive  Work,  Method 
and  Progress.     Pamphlet. 
Simmons,   W.  C,  Providence,  R.   L,  Report,  Commissioner  of  Dams  and  Reser- 
voirs, State  of  Rhode  Island  and  Providence  Plantations,  Jan- 
uary, 1904.     Cloth  bound  volume. 
Tratman,  E.  E.  R.,  M.  W.  S.  E.,  Chicago; 

Reporc,    Commissioner  of  Public   Roads,  State  of  New  Jersey, 
1903.     Cloth  bound  volume. 
Pamphlets; 

Ninth  Annual  Report,  Crerar  Library,  for  1903. 
Report,  Water  Power  of  ihe  Rock  River,  by  D.  W.  Mead. 
U.  S.  Geol.  Survey,  Bulletin  No.  225,  Contributions  to  Economic 
Geology.      1903. 
Union  Internationale  de  Tramways  et  de  Chemins  de  fir  d'  interet  local.      (Trei- 
zieme  Assemblee  "  Generale  at  Vienue,  Sept.  11,  1904  ) 
Report,  General  Manager  of  Railways  for  year   1903,   Cape  of 

Good  Hope. 
Proceedings,   2tst  annual  convention,    Roadmaster  and  Mainte- 
nance of  Way  Association,  1903 
Pamphlet  No.    11,   National  Municipal  League,  "A  Year's  Dis- 
closure and  Development,  "  1904. 
Report,  Water  Boring  on   the  Cape  Government   Railways   for 

1903.     Cape  of  Good  Hope. 
Bureau  of  the  Census,  Bulletin  No.  9,  Mines  and  Quarries. 
University  of  Chicago  Press,  Catalogue  of  the  Publications  of  the  University  of 

Chicago  Press,  1903.     Pamphlet. 
University  of  Michigan,  Engineering  Society,  pamphlet,   "The  Michigan  Technic, 

1904." 
Wiederhold,  H.,  Philadelphia,  Lecture  on  Asphalt,  May,  1904.      Pamphlets. 
Winona   Assembly   and  Summer   School  Association,   "Its   History,  Method  and 

Future,"  by  Thos.  Kane,  1904.      Pamphlet. 
Wisconsin  Geological  and  Natural   History  Survey,  Madison,  E.  A.  Birge,  Direc- 
tor, two  pamphlets; 
"Preliminary    Report   on   Soils  and   Agricultural  Conditions  of 

North  Central  Wisconsin,"  by  S.  Weidman,  1903. 
"The  Plankton  of    Lake  Winnebago  and  Green  Lake,"   by  C. 
Dwight  Marsh,  1903. 

GOVERNMENT  PUBLICATIONS. 

U.  S.  Civil  Service  Commission,  Washington,  D.  C,  "20th  .Annual  Report,  July  i. 
1902,  to  June  30,  1903."     Cloth. 

U.  S.  Department  of  Agriculture,  Bureau  of  Forestry,  sundry  pamphlets; 
"Forest  Fires  in  the  Adirondacks  in  1903." 
"Recent  Progress  in  Timber  Preservation,"  by  Von  Schrenk. 
"The  Relation  of  Forests  to  Stream  Flow,"  by  Tourney. 
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'  The  Planting  of  White  Pine  in  New  England,"  by  Kempton. 
"Cross-tie  Forms  and  Rail  Fastenings,  with  Special  Reference  to 

Treated  Timbers."     Von  Schrenk. 
"Building  Sand-Clay  Roads  in  Southern  States."     Spoon. 
"Progress  of  Road  I3uilding  in  the  Middle  West." 
Interstate   Commerce  Commission,  Washington,  D.    C,   17th   Annual  Report  for 

1903.     Cloth. 
U.  S.  Department  of  Agriculture,  Year  Book  for  1903.     Cloth. 
U.  S.  Geological  Survey,  Department  of  the  Interior,  pamphlets: 

"Water  Supply  and  Irrigation  Papers,  Nos.  87-94  inclusive." 
Bulletin  No.  223,   '-Gypsum  Deposits  in  the  United  States."  1904. 
"     224,   "A  Gazetteer  of  Texas,"  by  Gannett.      1904. 
"  "    225,  "Contributions  to  Economic  Geology,"  1903. 

"     226,  "U.  S.  Geologic  Survey,    its  Origin,    Develop- 
ment, Organization,  and  Operations."    1904. 
Bulletins  Nos.  22S,  229,  230,  231. 
Professional  Papers: 

No.  II — Clays  of  the  United  States  East  of  the  Mississippi  River, 

by  Ries.      1903. 
No.  12 — Geology  of  the  Globe   Copper  District,  Arizona       1903. 
No.  i6^Carboniferous    Formations    and    Faunas    of    Colorado. 

1903. 
No.  17 — Geology    and   Water    Resources   of  Western   Nebraska. 

1903. 
No.  18 — Chemical  Composition  of  Igneous  Rocks.      1903. 
No.  19 — Contributions  to  the  Geology  of  Washington.      1903. 
No.  20 — A  Reconnoissance  in  Northern  Alaska  in  1901. 
No.  21 — Geology  and  Ore  Deposits  of  the   Bisbee    Quadrangle, 

Arizona. 
No.  22 — Forest    Conditions   in    the     San    Francisco     Mountains 

Forest   Reserve. 
No.  23 — Forest   Conditions  in  the    Black   Mesa   Forest   Reserve, 

Ariz. 
No.  28  — Superior  Analyses  of  Igneous  Rocks. 
U.  S.  War  Department,  Washington,  D.  C,  Wm.  D.  Beach,  Report  of  the  Chief 

of  Ordnance,  1903.     Cloth. 
U.  S.  Department  of  Commerce  and  Labor,  Bureau  of  Standards,  S.  W.  Stratton, 
Director.      Pamphlets. 
"Verification  of  Standards  and    Measuring  Instruments   1-6  in- 
clusive." 
Circular  of  Information  of  the  National  Bureau  of  Standards  No. 
4  (Table  of   Equivalents  of  the  Customary  and  Metric  Weights 
and  Measures.) 
Annual  Report  of  the  Director  of  the  National  Bureau  of  Stand- 
ards   for  the  fiscal  year  ending  June  30,  1903. 
U.  S.  Department  of  Commerce  and  Labor,  Bureau  of  the  Census.      Pamphlets. 
Bulletin  No.  i — Population  of  the  Philippines,  1903. 
"     2 — Climate  of  the  Philippines. 
"  "    3 — Volcanoes  and  Seismic  Centres  of  the  Philippine 

Archipelago. 
Bulletin  No.  9 — Mines  and  Quarries. 

Occupations  at  the  Twelfth  Census,  1904.      Cloth  bound. 
Smithsonian  Institution,  Washington,  D.  C,  cloth  bound  volumes: 
"Meteorological  Tables,   1897." 
"Geographical  Tables,  1897." 
"Physical  Tables  " 

EXCHANGES. 

American  Society  for  Testing  Materials,  Vol.  III.  Proceedings  of  6th  Annual  Meet- 
ing at  Delaware  Water  Gap,  Pa.,  July,  1903.      Pamphlet. 

American  Society  of  Heating  and  Ventilating  Engineers,  New  York,  Transactions 
for  1903.     Bound  volume. 
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Association  of  Civil  Engineers,  Cornell  University,    Transactions  for   1904.      I^am. 

American  Electrochemical  Society,  Philadelphia,  Vol  V.  Transactions  5th  Gen- 
eral Meeting  1904.      Hound  volume. 

American  Institute  of  Electrical  Engineers,  New  York,  Vol.  20,  Transactions  July 
1st  to  December  31st,  1902.      Pamphlet. 

Iowa  Engineering  Society,  Des  Moines,  Iowa.  Proceedings  i6th  Annual  Meeting, 
January,  1904.     Pamphlet. 

Junior  Institution  of  Engineers,  London,  Vol.  XIII.  Transactions  session  twenty- 
two,  1902-3.     Bound  volume. 

Lake  Superior  Minmg  Institute,  Martjuette,  Mich.  9th  Annual  Report  for  1903. 
Vol    IX.     Pamphlet. 

Ohio  State  Board  of  Health,  Columbus  17th  Annual  Report  for  year  ending 
1902.      Pamphlet. 

Royal  Engineers  Institute,  Chatham,  Transactions  for  1903.      Cloth. 

Society  of  Engineers,  London,  Transactions  for  1903  and  General  Index.      Pam. 

TRADE    CAT.VLOGUKS. 

Crosby  Steam  Gage  &  Valve  Co.,  Chicago.     Cloth  bound  catalogue,  1904. 

Chandler  &  Taylor  Co.,  Indianapolis,  Catalogue  Enclosed  Automatic  Engines — 
Series  E-i. 

Dietzgen,  Eugene,  Chicago,  Catalogue  and  Price  List  of  Drawing  Materials,  Sur- 
veying Instruments,  etc.,  1904. 

General  Electric  Co.,  Schenectady,  N.  Y.,  "Electric  Mine  Locomotives,"  Cata- 
logue No.  1045,  February,  1904. 

Jeffrey  Mfg.  Co.,  Columbus,  Catalogue  Jeffrey  Water  Elevators. 

National  Paint  Works,  Williamsport,  Pa.,  "Review  of  Technical  Paints  for  the 
Protection  of  Metal  Surfaces." 

Vulcanite  Portland  Cement  Co.,  Philadelphia.     Catalogue  1904. 
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The    Slav    Invasion    and    the    Mine  Workers.     Frank  Julian  Warne.    Ph.  D. 

Philadelphia.   J.  B.  Lippincott  &  Co.    i2mo.   Cloth.    190  pages  and  map.   $1.00. 

The  dominant  purpose  of  political  and  social  science  to-day  is  a  first  hand  in- 
vestigation of  facts;  and  its  spirit  that  of  willingness  to  recognize  the  existence  of 
a  fact  of  our  social  order  as  such,  even  when  it  chances  to  be  a  newly  evolved  in- 
stitution without  origin  in  or  sanction  from  fundamental  law.  Public  opinion  is 
following  or  perhaps  in  some  cases  preceding  the  special  student.  We  are  will- 
ing to  admit  now  that  the  primary  and  the  political  convention  are  as  much  a  part 
of  the  real  constitution  of  our  nation  as  if  they  had  been  incorporated  into  the 
written  document  which  is  the  supposititious  basis  of  all  our  institutions.  And  in 
another  field  we  are  almost  willing — and  should  be  quite  wil  ing — to  give  recogni- 
tion to  certain  other  institutions  which  are  elements  of  our  present  day  social  or- 
der of  a  very  real  sort  ;  that  is  the  trades-unions  and  the  associations  of  employ- 
ers; the  latter  being  quite  as  legitimate  as  the  former  and,  as  a  matter  of  fact,  the 
product  of  the  same  industrial  conditions. 

This  pragmaticism,  to  borrow  a  popular  word  from  cen temporary  philosophy, 
which  means  the  theory  that    "gets  results,"   is  the  characteristic  quality  of   the 
many  studies  of  social  and  economic  conditions  which  are  being  published  now 
Among  these.  Dr.  Warne's  book  on  the  industrial  conflict   in   the  anthracite  coa 
fields  is  to  be  classed.     An  indication  of  the  practical  quality  of  this  sort  of  writ 
ing  one  finds  the  title  of  the  book  itself,  where  the  term  "Slav"  is  used  in  its  loca 
popular  sense,  including  a  very  heterogeneous  grouping  of  races,  among  the  Ital 
ians,  Lithuanians,  Austrian  Germans  and  other  Central  European  peoples  quite 
distinct  from   the  Sla\s  proper.      But  except  for   its  picturesijueness   this  title  has 
little  to  recommend  it.      The  conflict,  the  story  of  which  is  the  subject  matter  o' 
the  book,  is  industrial  primarily,    not  racial.    The  vast  horde  of  Central  luiropeans 
which  came  to  the  coal  tields  in  the  eighties  and  nineties — amounting  in  fact  to  an 
invasion— did  much  by  their  cheapness  and  low  standards  of  living  to  aggravate 
the  already  existent  difficulties  between  labor  and  capital  ;   but  the  invasion  diil 
not  in  any  radical  sense  change  conditions.     The  English  speaking  workers  were 
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as  a  result  almost  entirely  driven  out  of  the  southern,  the  Schuylkill  fields,  and 
were  for  a  time  completely  demoralized  throughout  the  entire  Anthracite  region. 
But,  as  the  course  of  the  narrative  shows,  the  labor  organizations,  at  first  thrown 
into  utter  confusion  by  the  sudden  overwhelming  influx  of  so  much  cheap  labor, 
recovered  eventually  and  profiting  by  the  ignorance  and  tractability  of  their  fel- 
low workers  were  able  to  pursue  their  policy  of  organizing  all  the  labor  in  the  an- 
thracite industry  with  even  more  success  'h.  n  before.  If  something  is  still  lost 
through  the  low  standard  of  living  of  the  ii-lav,  it  bids  fair  to  be  regained  at  no  dis- 
tant period  through  the  remarkable  adaptability  and  susceptibility  to  education  of 
those  semi-barbarous  peoples,  instances  of  which  the  writer  cites. 

The  real  theme  of  the  book  is  the  conflict  between  the  workers — English 
speaking  and  Slav  as  well — and  the  operators  and  owners  of  the  mines;  a  conflict 
which  was  an  inevitable  result  of  free  competition  and  inevitably  it  seems,  in  spite 
of  much  well  meant  legislation  to  prevent  it,  led  to  the  close  confederation  of  the 
capitalists  on  the  one  hand  and  a  monopoly  of  labor  by  the  United  Mine  Workers 
on  the  other.  War  was  not  to  be  avoided  and  it  came  in  1902  as  every  one 
knows,  when  a  strike  was  inaugurated  which  is  well  classed  as  among  "the  cost- 
liest and  most  dangerous  conflicts  that  ever  threatened  the  stability  of  the  Gov- 
ernment and  the  peace  of  the  country."  The  chapters  dealing  with  this  period 
will  probably  interest  the  reader  most.  The  author  takes  the  position  that  the 
operators  put  themselves  in  the  wrong  at  the  start  by  their  unwillingness  to  recog- 
nize among  their  employees  the  need  of  the  sort  of  organized  action  which  they 
demanded  for  themselves.  The  criticism  seems  an  eminently  just  one.  The  book 
in  fact  gives  an  impartial  and  very  interesting,  though  necessarily  somewhat  cur- 
sory, account  of  thirty  years  of  industrial  conflict  in  the  Anthracite  coal  fields;  and 
if  in  the  end  the  author  comes  to  no  very  definite  conclusion  as  to  what  the  even- 
tual outcome  is  to  be,  that  can  hardly  be  wondered  at,  insomuch  as  the  subject 
presents  a  phase  of  the  problem,  as  yet  far  enough  from  solution,  which  without 
doubt  is  the  most  serious  and  portentous  one  that  modern  democracy  has  been 
called  upon  to  face.  Truman. 

Irrigation  Engineering,  by  Herbert  M.  Wilson,  C.  E.     Small  8vo.    XXIII,  +  pp. 

573;  41  full   plates  and  139  illustrations,  including  many  half   tones.      Fourth 

edition  revised  and  enlarged.      John  Wiley  &  Sons,  1903.      $4  00. 

The  recently  enacted  Reclamation  Laws  providing  for  a  systematic  construc- 
tion of  irrigation  works  by  the  United  States  government  has  created  a  demand 
for  a  technical  knowledge  of  the  principles  of  irrigation  engineering,  which  this 
book  is  intended  to  supply.  The  book  is  divided  into  Part  I.,  "Hydrography," 
Part  II.,  "Canals  and  Canal  Works,"  and  Part  III.,  "Storage  Reservoirs,"  and 
contains  a  discussion  of  the  fundamental  and  underlying  principles  on  which  suc- 
cessful irrigation  works  must  be  based,  with  a  description  of  their  practical  appli- 
tion  to  extended  irrigation  works  both  in  this  country,  Egypt  and  India. 

Theoretical  mathematics  are  largely  excluded  from  this  work,  and  only  such 
practical  mathematical  formulae  as  are  indispensable  for  practical  work  have  been 
included. 

An  important  and  valuable  feature  of  the  book  is  the  addition,  at  the  end  of 
each  chapter,  of  a  section  giving  references  to  various  books  and  periodicals  on 
the  subjects  discussed. 

Although  the  literature  on  irrigation  engineering  in  its  various  branches  is 
quite  extended,  this  is  the  first  comprehensive  discussion  of  the  entire  subject,  un- 
der single  covers,  which  has  been  attempted  in  this  country.  The  magnitude  of 
the  subject  is  such  that  no  one  work  can  be  expected  to  treat  it  exhaustively,  never- 
thele.ss  the  discussion  offered  by  this  treatise  offers  a  very  thorough  fundamental 
knowledge  of  the  subject,  which,  through  the  references  given,  can  be  extended  to 
such  a  degree  as  the  student  or  engineer  may  desire. 

The  illustrations  are  well  selected,  and  are  of  such  a  nature  as  to  give  a  thor- 
oughly practical  idea  of  actual  construction. 

The  book  will  prove  of  value  both  to  the  student  and  to  the  practicing  engi- 
neer who  is  interested  in  either  the  subject  of  irrigation,  or  in  other  branches  of 
water  supply  engineering.  1^-  W.  M. 

Types  and  Details  of  Bridge  Construction.     Part  I.     Arch  Spans — Examples 
of  constructed  Wooden,   Combination,    Wrought   Iron  and   Steel  Arches  for 
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Highway  ami  Railroad  Bridges.  By  Frank  W.  Skinner,  C.  E.  McCiraw  Pub- 
lishing Co.  New  York.  6x9.  Cloth  hound,  294  pages.  Many  illustrations. 
Price  $5.00. 

The  author  deserves  much  credit  for  the  work,  in  which  he  presents  a  record 
of  the  various  designs  used  in  constructing  arch  bridges,  both  modern  and  ancient, 
in  wood  and  in  metal.  The  references  given  will  enable  the  student  to  study  the 
designs,  given  more  in  detail;  but,  it  is  to  be  regretted  that  the  author  did  not  go 
into  a  discussion  of  the  merits  and  demerits  of  some  of  the  designs.  All  engineer- 
ing work  is  not  perfect,  in  fact  none  is;  and,  the  engineer  must  constantly  choose 
between  evils.  Here  is  where  the  real  engineer  exercises  his  skill  and  judgment; 
and,  after  his  work  is  executeil,  he  himself  can  criticise  it,  as  well  as  others;  so 
that  it  is  by  a  process  of  elimination  that  we  are  constantly  approaching  perfec- 
tion, but  never  reach  it.  It  follows  that  it  would  hardly  be  in  the  domain  of  one 
man  to  review  the  merits  of  all  of  the  designs  presented,  but  it  is  possible  to  touch 
upon  some  of  the  salient  features  which  should  forever  be  avoided. 

For  example,  the  Surprise  Creek  arch,  on  page  58,  could  have  been  built 
much  cheaper  as  an  orchnary  deck  span,  which  would  have  provided  for  the  ex- 
cessi\e  grade  of  22  per  cent  without  destroying  the  symmetry  of  the  bridge.  The 
work  as  built  has  no  symmetry,  and  the  shop  work  involved  in  this  design  is  at 
least  25  per  cent  more  than  in  an  arch  which  has  equal  arms;  and,  compared  to 
an  ordinary  deck  span  the  shop  work  is  at  least  50  per  cent  more,  the  weights  in 
both  cases  being  about  equal.  The  writer  had  an  opportunity  to  go  into  this  mat- 
ter in  detail,  at  the  time  this  structure  was  under  construction,  and  about  the  only 
reason  for  building  an  arch  in  this  place,  could  have  been,  that  an  arch  was  wanted 
at  any  cost. 

The  Menominee  arch,  on  page  38,  is  a  riveted  structure  throughout,  excepting 
the  web  members  in  the  two  panels  on  each  side  of  the  center  panel.  Here  eye- 
bars  are  used  for  the  primary  members,  and  adjustable  bars  for  the  counters. 
What  argument  could  possibly  be  used  for  such  a  digression  ?  All  good  designs  avoid 
adjustable  members,  especially  in  these  days  where  V  threads  must  be  cut  on  steel 
bars,  which,  in  process  of  upsetting  for  threads,  must  be  subjected  to  a  doubtful 
heat  treatment.  Moreover,  this  arch  could  have  been  built  with  straight  bottom 
chords,  from  hinge  to  crown,  and  thereby  simplifying  the  shop  work,  without 
making  the  structure  more  unsightly  than  it  is. 

The  Rio  Grande  bridge,  on  page  66,  is  an  arch  with  balancing  or  shore  arms 
at  each  end.  The  shore  arras  are  useful  in  the  process  of  erection,  when  no  false 
work  can  be  employed  in  erecting  the  river  arms,  but  the  shore  arms  should  then 
be  disconnected  from  the  river  arms,  inasmuch  as  the  continuity,  when  retained, 
involves  a  large  reversal  of  stresses,  which  violates  the  proper  economy  of  design 
in  the  structure.  Any  one  who  has  gone  into  the  details  of  calculation  in  such  a 
design  can  verify  this  statement.  Moreover,  there  is  nothing  to  be  gained  by  this 
continuity  after  the  work  is  erected.  The  most  notable  example  of  this  kind  is 
the  Viaur  viaduct  in  France,  as  given  on  page  102. 

The  Niagara  arch,  for  double  track  railway  and  highway,  on  page  88,  is  the 
most  notable  example  of  a  railway  arch  in  this  country.  The  erection  of  this 
structure,  by  the  Pennsylvania  Steel  Company,  showed  an  ingenuity  which  has 
rarely  been  equalled.  It  should  be  remembered  that  this  bridge  replaced  an  exist- 
ing suspension  bridge:  and  was  erected  as  a  cantilever,  without  interrupting  traffic. 
The  difficulty  encountered  in  making  the  ribs  of  the  arch  come  together  at  the 
crown,  which  is  noted  and  explained  by  the  author,  should  have  been  anticipated 
by  the  designer,  inasmuch  as  the  same  difficulty  arose  in  the  erection  of  the  Eads 
Bridge,  almost  twenty-five  years  previous. 

The  Eads  Bridge,  at  St.  Louis,  on  page  157,  is  the  best  study,  if  one  wants 
to  know  how  not  to  do  things,  that  is  offered  in  the  book.  As  the  author  says,  "it 
is  unique,  for  it  has  not  been,  and  never  will  be,  followed  as  a  type  for  other 
bridges."  Aside  from  the  sub-structure,  it  seems  as  if  ideas  ran  riot  in  evolving 
this  design.  It  is  unique,  inasmuch  as  the  work  is  not  structural  work,  as  bridge 
work  is  now  understood  to  be,  but  machine  work,  and  that  of  the  most  expensive 
and  complicated  kind.  Nor  can  it  be  excused  from  the  standpoint  that  our  pres- 
ent forms  of  construction  were  then  unkown,  for  the  Kentucky  River  Bridge,  on 
the  old  Cincinnati  Southern  Railway  was  then  being  built  about  the  same  time, 
-which  embodie  1  practically  all  of  the  features  of  modern  structural  bridge  work. 
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The  Eads  Bidge  was  erected  as  a  cantilever,  as  was  the  Niagara  arch, 
and  the  same  difficulty  was  encountered  in  both  cases  in  closing  the  arch 
ribs;  and,  in  both  cases  the  ribs  were  closed  by  a  makeshift,  so  that  no  man  can 
tell  what  the  fixed  load  or  temperature  stresses  are  in  either  structure.  In  the  case 
of  the  Eads  Bridge  the  closing  of  the  arch  ribs  was  perhaps  a  trifle  more  dramatic. 
After  hearalding,  through  the  newspapers,  that  they  were  about  to  close  the  ribs 
by  packing  them  in  ice.  the  junction  was  finally  made  by  means  of  an  adjustable 
member,  or  practically  by  the  use  of  a  shim,  just  as  was  done  at  Niagara.  To 
show  how  crude  this  operation  was,  the  lever  arm  used  in  screwing  up  the  first 
closing  tube  broke,  dropping  one  or  two  men  into  the  river.  The  remaining  tubes 
were  not  screwed  up  so  tight,  and  they  let  it  go  at  that.  In  attempting  to  close  up 
the  arch  one  of  the  members  in  the  bridge  was  actually  ruptured.  This  will  give 
some  idea  of  the  uncertainty  involved  in  erecting  a  tube  arch  on  the  cantilever 
principle.* 

This  difficulty  was  anticipated  in  erecting  the  Niagara  Falls  and  Clifton  arch, 
as  described  on  page  205. 

Under  plate  girder  arches,  or  ribs  which  are  plate  girder,  the  most  notable  ex- 
ample is  the  Washington  Bridge,  page  279.  The  Main  Street  Bridge  in  Minneap- 
olis, page  266,  also  comes  under  this  class.  The  latter  has  developed  a  serious  de- 
fect owing  to  its  lack  of  rigidity,  both  vertically  and  horizontally.  The  lack  of 
vertical  stiffness  is  probably  due  to  the  low  rise,  combined  with  the  light  floor 
used,  the  latter  having  lately  been  loaded  down  with  a  buckle  plate  floor  and  a 
heavy  paving.  The  lack  of  horizontal  stiffness  is  probably  due  to  the  fact  that  the 
ribs  are  in  vertical  planes,  instead  of  inclined  to  each  other.  This  is  a  common 
defect  in  all  similar  arches,  the  Eads  Bridge  in  St.  Louis  having  the  same  defect. 

J.   W.   SCHAUB. 

Chicago,  August  19,  1904. 

TRADE  CATALOGUES. 

Cochrane  Separators.     Harrison    Safety  Boiler  Works,  Philadelphia,    Pa.     A. 

Sorge,  Jr.  &  Co.,  Chicago,  General  Western  Representatives.     Pamphlet  5x7, 

90  pages. 

This  catalogue  relates  to  those  power  specialties  for  the  separation  of  oil, 
water,  or  other  impurities  from  currents  of  steam  and  also  from  compressed  air 
and  ammonia. 

They  are  used  on  live  steam  lines  to  removed  entrained  water  from  the  steam 
before  it  is  admitted  to  the  engine  cylinder,  and  are  used  in  the  exhaust  steam  line 
to  remove  all  oil  or  grease,  so  the  steam  may  be  used  for  heating,  by  contact  and 
condensation,  the  feed  water  for  the  boilers.  When  placed  in  lines  of  pipe  con- 
veying compressed  air  or  ammonia,  all  impurities  are  removed,  whether  small 
particles  of  grit,  oil  or  water. 

The  catalogue  is  finely  printed  and  fully  illustrated  with  tables  of  the  princi- 
pal dimensions  of  the  several  sizes  of  separators,  from  that  for  i  j^-inch  pipe  to 
36-inch  pipe,  and  these  separators  have  been  built  for  even  as  large  as  48-inch  pipe. 

An  interesting  part  of  this  catalogue  is  the  discussion  of  the  principles  govern- 
ing the  separation  of  oil  and  water  from  a  passing  current  of  steam,  with  illustra- 
tions to  show  how  this  separator  differs  from  the  designs  of  other  makers,  and  why 
a  greater  efficiency  is  thereby  obtained. 

Incidentally  the  catalogue  shows  the  Cochrane  feed  water  heater,  of  which 
the  separator  is  a  most  important  element,  as  the  exhaust  steam,  after  being  purified 
through  the  separator,  is  brought  into  direct  contact  with  the  boiler  feed  water, 
raising  its  temperature  to  almost  the  boiling  point. 

It  may  be  of  interest  to  note  that  these  Cochrane  feed  water  heaters  are 
growing  steadily  in  favor  among  steam  engineers,  and  are  being  used  by  the  Gen- 
eral Electric  Co.  in  connection  with  steam  turbines  at  their  plants  at  Lynn,  Mass., 
and  Harrison.  N.  J.,  also  at  other  large  electric  power  plants  of  1,000,  2,000  and 
3,000  H.  P.  capacity  or  larger.  Three  5,000  H.  P.  Cochrane  heaters  have  been 
installed  at  one  plant  for  the  Detroit  Edison  Co.  To  anyone  interested  in  steam 
power  plants,  a  careful  consideration  of  the  separators,  their  construction,  opera- 
tion and  efficiency,  should  be  of  value. 

*  ".St.  Louis  Bridge,"  by  Prof.  C.  M.  Woodward,  page  190. 
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FIREPROOF  FLOOR  CONSTRUCTION. 

J.  T.  Montgomery,  Jun.  M.  W.  S.  E. 
A't'ud  Sept.  7,  1QO4. 

I  propose  to  confine  my  remarks  this  evening  to  one  of  the 
standard  methods  of  protecting  the  structural  steel  in  buildings 
against  the  injurious  effects  of  fire;  I  refer  to  concrete  construc- 
tion, and  I  will  try  and  explain  briefly  the  application  of  this  material, 
with  some  of  its  advantages  and  disadvantages. 

Regarding  the  strength  and  durability  of  concrete  floors,  much 
has  already  been  presented  before  this  Society.  1  have  myself  been 
present  at  several  meetings  where  the  strength  of  concrete  as  com- 
mon concrete  and  as  reinforced  concrete  has  been  very  thoroughly 
gone  into,  and  the  discussions  were  upon  the  different  methods  of 
best  developing  this  strength,  but  there  was  no  question  but  that  it 
was  a  most  satisfactory  material  where  heavy  loads  were  to  be  car- 
ried. So  for  our  purpose  we  may  consider  this  question  established, 
that  by  proper  designing,  concrete  can  be  constructed  to  meet  every 
requirement  of  strength  and  durability. 

But  as  to  its  fireproofing  qualities,  we  find  that  they  differ  widely 
under  different  methods  of  construction,  as  may  be  properly  said  of 
any  material.  The  requirements  of  an  ideal  fireproofing  material 
for  the  protection  of  structural  steel  are: 

Fii'st — That  it  shall  not  itself  be  affected  by  fire. 

Second — That  it  shall  protect  the  steel  from  the  effect  of  fire 
and  heat. 

Third — That  it  shall  protect  the  steel  from  the  effect  of  corrosion. 

Fowih — That  it  shall  go  into  place  rapidly  and  be  easily  adapted 
to  unusual  designs  and  details  of  construction. 

FiftJi — That  once  in  place  it  shall  resist  to  the  greatest  possible 
degree  all  effort  to  remove  it,  by  either  of  the  elements  or  by 
human  agency. 

Sixth — And  last,  but  not  of  the  least  importance,  in  this  age  of 
commercialism,  it  shall  do  all  of  these  and  do  them  well  at  a  reason- 
able cost. 

First — That  it  shall  not  itself  be  affected  by  fire. 

This  certainly  is  the  first  consideration  in  the  choice  of  a  fire- 
proofing   material.     At    high    temperature    it    must    not    lose    its 
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Strength  or  become  plastic,  and  it  must  be  capable  of  quickly  ad- 
justing itself  to  meet  sudden  changes  of  temperature,  such  as, 
when  a  fire  has  been  burning  for  some  time,  the  sudden  applica- 
tion of  a  stream  of  water  from  a  fire  hose;  this  sudden  cooling 
and  the  change  in  dimensions  due  to  it  must  not  create  a  stress  in 
the  material  which  is  sufficient  to  appreciably  affect  its  strength. 
You  can  readily  see  that  the  more  dense  the  material  the  less  it  is 
suited  to  meet  this  requirement. 

Further,  the  several  component  parts  which  enter  into  the  form- 
ing of  a  fireproofing  material  must  have  been  manufactured  at  a 
reasonably  high  temperature  or  be  of  a  refractory  nature. 

All  concrete  is  a  very  poor  conductor  of  heat,  but  the  more  por- 
ous its  construction,  the  slower  heat  reaches  its  interior,  and  here 
we  have  two  classes  of  concrete;  first — stone  or  gravel  concrete, 
and  second — cinder  or  slag  concrete.  Of  the  two  classes  stone 
concrete  is  less  desirable  from  a  fireproofing  point  of  view,  although 
it  possesses  the  greater  strejigtJi,  but  if  the  application  of  heat  is  of 
sufficient  duration,  it  will  penetrate  the  concrete  in  spite  of  its  poor 
conductivity,  and  affect  the  stone  used  in  its  construction,  but  this 
may  be  expected  only  in  severe  conflagrations.  In  Baltimore  this 
effect  was  never  observed  to  extend  more  than  ^-inch  to  i-inch, 
and  in  many  places  did  not  appear  at  all.  And  the  dense  concrete 
made  by  the  use  of  stone  will  not  adjust  itself  to  a  sudden  change 
of  temperature  as  rapidly  as  cinder  or  slag  concrete,  which  is  much 
more  porous. 

In  cinder  concrete  practically  all  of  the  materials  have  been  sub- 
jected to  very  high  temperature  in  the  course  of  their  manufacture, 
which  is  an  advantage  over  concrete  using  stone.  It  has  been 
demonstrated  in  the  tests  of  this  material,  and  by  fire,  that  cinder 
concrete  does  not  suffer  from  the  effect  of  heat  even  when  exposed 
to  very  high  temperature  for  long  periods  of  time. 

I  have  examined  cinder  concrete  which  passed  through  the  Balti- 
more fire,  and  it  was  not  affected  in  the  slightest  by  the  heat.  I 
do  not  refer  to  isolated  instances,  but  to  the  general  condition  of 
the  concrete  where  used  for  fireproof  floors.  I  did,  however,  see 
considerable  strip  or  sleeper  filling  which  seemed  to  have  no  strength, 
but  it  never  had  been  more  than  a  cinder  fill,  the  only  use  of  cement 
in  its  connection  being  the  mention  made  in  the  specifications  and 
it  is  a  matter  of  conjecture  if  it  even  appeared  there. 

I  examined  at  one  time  a  specimen  of  concrete  which  had  passed 
through  a  five  hour  test  made  by  the  New  York  Building  Depart- 
ment, where  for  more  than  three  hours  the  temperature  had  ex- 
ceeded 2,000  deg.  Fahr.  and  this  specimen  was  in  A  No.  1  condition; 
nails  could  be  driven  into  it  and  be  held  as  though  they  were  driven 
into  hard  wood,  and  it  is  this  quality  which  I  refer  to  as  toughness, 
in  counter-distinction,  to  the  quality  of  brittleness  of  the  more  dense 
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material,  as  tile  and  stone  or  gravel  concrete.  This  is  to  be  con- 
sidered of  prime  importance  in  the  selection  of  a  fireproofing  mate- 
rial as  sudden  changes  of  temperature,  such  as  are  liable  to  come  at 
the  moment  of  supreme  test,  have  no  serious  effect  on  a  fireproof- 
ing material  with  this  quality. 
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First  National  Bank  Building,  Cincinnati. 
Ferro-Cinder-Concrete  Floor  Construction. 


77ie  second  requisite  of  a  fireproofing  material  is  that  it  protects 
the  steel  from  the  effects  of  fire.  To  do  this  it  must  be  a  slow  con- 
ductor of  heat,  assuming,  of  course,  that  the  material  remains  in 
place.  Here  again  the  porous  material  has  the  advantage  and  cin- 
der concrete  excels  stone  concrete  as  porous  tile  is  supposed  to  ex- 
cel the  dense  or  hard  tile.  Mr.  Stevenson  Constable  of  New  York, 
who  has  made  extensive  tests  in  this  field,  reports  that  it  required  3 
hours  and  54  minutes  for  a  temperature  averaging  between  1,900  and 
2,000  to  make  its  appearance  through  5  inches  of  cinder  concrete  so 
as  to  be  detected  by  the  touch  of  the  hand,  and  4  hours  and  24  min- 
utes were  required  before  it  became  too  warm  to  hold  your  hand  on, 
which  demonstrates  that  as  a  non-conductor,  cinder  concrete  leaves 
nothing  to  be  desired  and  steel  protected  by  it  is  reasonably  safe 
from  the  effects  of  fire. 

Next —  TJie  protection  from  corrosio7t. 

It  has  been  thoroughly  demonstrated  and  generally  accepted  for 
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some  time  that  there  is  no  building  material  superior  to  Portland  ce- 
ment for  the  protection  of  steel  from  this  danger;  it  then  only  re- 
mains to  make  sure  that  no  material  is  introduced  into  the  concrete 
which  will  result  in  a  detrimental  effect. 

When  stone  or  gravel  are  used  in  concrete  there  can  be  no  ques- 
tion raised  as  to  its  safety,  but  where  cinders  are  used  it  becomes 
necessary  to  assure  ourselves  that  we  are  still  safe;  as  cinders  are 
known  to  possess  a  small  percentage  of  sulphides  in  the  forms  of 
the  anhyride  of  sulphuric  acid,  which  is  very  quick  in  causing  cor- 
rosion. Iron  pipes  embedded  in  cinders  where  water  was  present 
have  been  practically  destroyed  in  a  few  years.  Hut  to  determine 
to  what  extent  this  material  became  a  danger  when  mixed  with 
Portland  cement  which  has  an  alkaline  reaction,  many  tests  have 
been  made  by  eminent  chemists  and  engineers.  Messrs.  Booth, 
Garrett  &  Blair,  at  their  testing  laboratory  in  Philadelphia  made  a 
very  exhaustive  series  of  investigations,  which  resulted  in  their  de- 
termining that  the  objectionable  sulphides  amounted  to  four-tenths 
of  one  per  cent  in  pulverized  cinders  and  in  the  coarse  cinders,  as 
used  in  actual  practice,  the  available  sulphides  are  much  less  than 
this  amount  and  not  as  much  as  could  be  neutralized  by  the  alka- 
line reaction  of  the  cement.  In  the  conclusion  of  their  report  they 
state: 

"The  conclusion  that  we  reach  is  that  no  injurious  effects  are  to 
be  anticipated  from  the  use  of  cinders  above  ground  in  the  ordinary 
practice  of  construction  now  followed  for  steel  frame  buildings. 

(Signed)      "Booth,  Gakkett  &  Blaik." 

Again  we  find  by  examining  the  report  published  in  the  Engi- 
neering Neivs,  made  by  Prof.  Charles  L.  Norton  of  the  Massachu- 
setts Institute  of  Technology  for  the  Insurance  Engineering  P2xperi- 
ment  Station.      He  states  in  conclusion: 

"Mix  wet  and  mix  well;  with  this  precaution  I  would  trust  cinder 
concrete  quite  as  quickly  as  stone  concrete  in  the  matter  of  corrosion," 

His  purpose  in  mixing  wet  is  to  secure  a  complete  covering  of 
the  steel,  as  void  or  unprotected  parts  permit  corrosion  from  the 
presence  of  moist  air. 

It  has  also  been  found  where  buildings  have  been  taken  down 
several  years  after  erection  that,  where  cinder  concrete  was  used  as 
a  fireproofing  material,  the  steel  was  in  good  condition.  An  instance 
of  this  was  the  Pabst  Building  at  Broadway  and  42d  street,  New 
York,  which  was  razed  last  year,  and  was  watched  very  closely  by 
architects  and  engineers  for  the  data  it  might  afford  on  this  subject. 

It  was  erected  in  1899,  cinder  concrete  being  used  for  the  fire- 
proofing  of  the  floors  and  tile  for  the  columns.  The  building  had 
been  in  place  for  four  years  and  its  condition  may  be  taken  as  a 
fair  example  of  what  may  be  expected.  The  floor  steel  was  prac- 
tically free  from  any  corrosion.     "The   Insurance  l''ngineering"  in 
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its  report  sums  up  the  conditions  as  follows  :  "The  steel  frame 
generally  was  remarkably  clean  and  free  from  rust.  The  conclu- 
sion to  be  derived  is  in  ample  corroboration  of  what  engineers  have 
been  fully  convinced  of — that  concrete  is  a  very  efficient  protec- 
tion to  steel  against  rust  and  that  well  made  cinder  concrete  serves 
this  purpose  very  satisfactorily."  So  it  seems  from  quite  an  ample 
investigation  that  we  are  safe  in  our  protection  against  corrosion 
when  we  use  cinder  concrete. 


National  Bank  of  Commerce  in  Baltimore,  after  the  fire. 
Ferro-Cinder-Concrete  Construction. 


The  fourth  of  our  requisites  has  to  do  with  the  practical  applica- 
tion of  the  material  used  for  fireproofing. 

A  material  may  be  ideal  in  those  considerations  already  men- 
tioned but  unless  it  will  go  into  place  rapidly  and  stand  any  and 
all  kinds  of  rough  handling,  it  cannot  come  into  general  use,  and 
at  the  same  time  it  must  adapt  itself  to  unusual  details  and  odd  cor- 
ners and  must  be  so  as  to  be  fitted  to  these  conditions  at  the  build- 
ing, as  an  ^  or  ^i^-inch  scale  drawing  cannot  be  used  at  a  factory 
in  getting  out  special  shape  for  places  which  require  an  inspection 
of  the  steel  construction  in  place  to  determine  what  is  required. 
We  often  see  jobs  of  fireproofing  which  have  a  decidedly  patched 
appearance  because  the  material  could  not  properly  be  fitted  to  the 
conditions  as  found  at  the  buildinfr. 
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Concrete  being  put  in  place  in  a  plastic  form  can  be  made  to  fit 
all  conditions  on  practically  a  moment's  notice  and  leave  a  finished 
appearance. 

The  materials  used  are  simply  cement,  sand  and  stone  or  cin- 
ders; they  occupy  a  small  space  and  come  to  the  building  in  con- 
venient size.  It  is  well  known  that  space  is  at  a  premium  around 
a  new  building  which  is  being  put  up  in  record  time.  The  mate- 
rials used  in  concrete  on  arrival  at  the  building  site  are  at  once 
sent  to  the  basement  where  they  are  stored  and  mixed  and  prepared 
to  be  hoisted  into  place. 

The  machinery  now  used  in  the  handling  of  concrete  makes  it 
possible  to  place  large  quantities  of  floor  construction  in  a  limited 
time,  and  it  is  only  a  question  of  securing  a  contractor  for  the  fire- 
proofing  who  has  the  necessary  equipment  and  practical  knowledge 
to  insure  yourself  that  the  job  will  go  forward  as  rapidly  as  the 
steel  will  permit. 

Concrete  construction  as  a  general  proposition  has  suffered  from 
having  too  many  inexperienced  and  financially  irresponsible  firms 
engaged  in  the  business.  Architects,  engineers  and  owners  have 
permitted  themselves  to  be  persuaded  into  accepting  a  low  bid 
made  by  parties  who  are  not  competent  to  do  the  work.  If  trouble 
results,  as  is  likely,  the  system  of  construction  is  liable  to  receive 
a  large  part  of  the  blame  as  the  architect  or  engineer  is  not  going 
to  reason  that  he  tried  to  get  something  for  less  than  it  was  worth 
and  was  entitled  to  be  bunkoed. 

So  not  a  small  share  of  our  fourth  requisite  is  the  man  behind 
the  gun,  or  the  man  who  manages  the  business,  and  here  expe- 
rience and  a  thorough  knowledge  of  the  construction  are  absolutely 
necessary  for  successful  results. 

Fifth. — That  once  in  place  the  fireproof  floor  construction  will 
remain  under  any  and  all  conditions.  This  point  was  partly  cov- 
ered in  our  first  consideration,  which  provided  for  a  material  which 
was  not  affected  by  fire. 

The  material  which  will  take  sudden  changes  of  temperature 
without  cracking  or  disintegration,  that  also  has  that  toughness 
which  will  permit  the  rough  use  incident  to  years  of  service  with- 
out being  loosened,  is  the  material  which  must  eventually  command 
first  consideration,  and  for  these  qualities  concrete  stands  without 
a  peer,  as  capable  of  taking  more  punishment  without  leaving  its 
post  of  duty  than  any  other  practical  construction  now  in  use. 

And  last,  it  shall  do  all  these  and  do  them  well  at  a  reason- 
able cost. 

There  are  two  distinct  elements  of  cost — first,  the  cost  of  the 
material ;  second,  the  cost  of  the  labor  required  for  its  installation. 
The  cost  of  cement,  as  you  well  know,  is  very  reasonable,  and  with 
the  inexhaustible  supply  of  raw  material  and  the  improved  methods 
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of  manufacture  it  is  not  reasonable  to  expect  any  decided  change. 
Sand  and  stone  are  staple  and  can  always  be  had  at  a  uniform  and 
reasonable  price.  Cinders  are  very  cheap  and  the  supply  is  con- 
stantly on  the  increase. 
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Ferro-Cinder-Concrete  Construction. 


The  second  item  of  expense  is  the  labor,  and  here  the  conditions 
are  never  so  satisfactory.  You  are  all  too  familiar  with  the  strikes 
and  disputes  which  are  constantly  disturbing  this  market  for  me  to 
review  so  unpleasant  a  subject.  But  by  the  use  of  concrete  this 
part  of  the  cost  can  be  much  better  controlled  than  where  a  more 
skilled  form  of  labor  is  required,  and  with  the  machinery  contin- 
ually being  improved  for  the  mixing  and  handling  of  concrete  the 
cost  of  labor  can  be  constantly  reduced  and  better  controlled. 

The  company  I  represent  has  but  recently  adopted  a  new  ma- 
chine for  mixing  concrete  which,  with  the  aid  of  six  common  labor- 
ers, mixed  and  delivered  to  the  hoist  125  cubic  yards  of  concrete 
in  eight  hours.  This  machine  measured  automatically  all  the 
material  used  in  the  concrete,  insuring  absolute  uniformity  of 
results  and  a  low  cost  of  production. 

With  this  array  of  facts  is  it  not  reasonable  to  expect  that  con- 
crete will,  before  long,  universally  enjoy  that  recognition  that  is 
already  given  it  in  so  many  of  our  principal  localities — the  first 
among  fire  proofing  materials  for  floor  construction  and  the  protec- 
tion of  structural  steel .? 
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STANDARD  FLOOR  ARCH  CONSTRUCTION. 

K.  V.  Johnson. 

Kead  September  7,  ig04. 

When  an  engineer  has  made  his  computations  and  prepared, the 
details  for  the  foundation  of  a  building,  it  may  be  said  that  the  most 
important  part  of  his  labor  has  been  accomplished.  Before,  how- 
ever, the  structural  details  of  the  foundation  can  be  definitely  de- 
termined, it  becomes  necessary  to  carefully  and  accurately  compute 
the  weight  units  entering  into  the  superstructure. 

In  no  other  city,  perhaps,  in  America,  has  the  question  of  foun- 
dation received  so  much  careful  consideration  from  engineers  as 
right  here  in  Chicago,  on  account  of  the  nature  of  the  sub-strata 
underlying  the  surface,  upon  which  the  weight  of  the  structure 
must  be  proportionately  distributed. 

The  necessity  for  a  system  of  floor  construction  that  was  light 
and  strong  arose  just  about  the  time  that  the  high  building  era  set 
in,  and  the  hollow  tile  method  was  adopted  as  soon  as  presented,  in 
order  to  reduce  as  much  as  possible  the  superimposed  load  on  the 
foundations  of  walls  and  columns. 

About  twenty-four  years  ago,  the  Montauk  Block  was  erected  on 
Monroe  street,  from  plans  prepared  by  D.  H.  Burnham  &  Company, 
architects  of  this  city. 

The  foundations  of  this  structure  were  rubble  stone;  the  exterior 
walls  of  the  building  solid  masonry,  of  varying  thicknesses,  as  called 
for  by  the  building  ordinances  then  in  force. 

This  building  was  nine  stories  in  height,  and  was  considered  at 
the  time  a  "skyscraper."  Within  a  very  recent  period,  this  struc- 
ture has  been  razed  to  make  place  for  an  eighteen-story  modern 
steel  skyscraper  for  the  First  National  Bank. 

When  the  plans  were  drawn  for  the  Montauk  Block,  a  great  many 
different  systems  of  fireproof  floor  construction  were  considered,  to- 
wit:  Brick  arches,  corrugated  iron  arches,  filled  in  with  concrete; 
solid  concrete  arches;  Lime  of  Teil  blocks  and  hollow  tile  arches. 

As  this  was  the  first  nine-story  structure  ever  built,  and  higher 
than  any  other  business  building  in  Chicago,  the  merits  and  demerits 
of  the  different  systems  were  carefully  considered,  and  hollow  tile 
arches  were  accepted  for  the  floors  of  this  building,  for  the  reason 
that  by  the  use  of  tile  arches,  the  required  vertical  and  horizontal 
strength  was  secured  at  a  minimum  dead  weight  of  floor  construction. 

The  tile  arches  in  this  building  were  what  is  known  as  side  "con- 
struction" arches;  the  sofifits  of  the  beams  being  covered  with  i-inch 
slabs  of  fire  clay  tile. 

The  spans  between  the  beams,  as  I  remember  them,  were  about 
5  feet,  6  inches.  The  beams  were  about  9  inches  in  depth,  framed 
into  girders,  supported  at  intervals  on  cast  iron  columns. 
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I  refer  to  this  building  particularly  as  I  believe  this  was  the  first 
high  building  that  proved  a  financial  success  to  its  owners,  thereby 
stimulating  the  erection  of  similar  structures,  which  has  culminated 
in  the  present  up-to-date  thirty-story  steel  skyscraper. 

The  standard  of  construction  adopted  in  the  Montauk  Building, 
for  floors,  is  practically  the  standard  of  floor  construction  now  in 
most  general  use  for  the  erection  of  fireproof  buildings. 

There  have  been  most  important  improvements,  both  in  the  form 
and  the  method  of  laying  the  arches,  and  also  in  the  methods  of  de- 
signing and  assembling  the  steel  parts;  but,  to  all  intents  and  pur- 
poses, this  general  system  of  floor  construction  is  to-day  in  force 
and  effect,  and  is  accepted  by  architects  and  engineers  as  "The 
Standard." 

There  are  in  use  at  this  date,  throughout  the  United  States,  in 
various  buildings,  embracing  every  description,  from  private  dwell- 
ings to  wholesale  warehouses,  over  200,000,000  square  feet  of 
standard  tile  constructed  floor,  equivalent  to  an  area  of  almost  5,000 
acres  of  floor  surface. 

Many  buildings  throughout  the  United  States  have  been  tested 
by  fire  to  a  greater  or  less  degree,  but  the  records  of  the  insurance 
department  show  that  the  losses  were  merely  nominal  in  all  cases 
where  the  fire  resulted  from  the  inflammable  contents  of  the  buildings. 

You  are  familiar  with  the  Baltimore  fire  of  February  last.  I  re- 
fer to  this  subject  that  you  may  know  that  the  standard  system  of 
tile  and  steel  construction  received  a  baptism  of  fire  in  this  confla- 
gration such  as  no  other  system  of  fireproof  construction  was  ever 
called  upon  to  sustain,  and  did  it  sttccessfnlly. 

The  insurance  reports  state  that  the  greatest  injury  to  steel  work 
in  buildings  fireproofed  by  hollow  tile  did  not  exceed  5  per  cent, 
and  this  in  only  one  case;  the  majority  of  the  protected  steel  struc- 
tures escaping  with  injuries  of  less  than  i  per  cent. 

With  a  record,  therefore,  of  over  30  years  of  general  use,  the 
standard  steel  and  tile  floor  construction  stands  to-day  unsurpassed 
by  any  other  method. 

There  are  numerous  systems  of  floor  construction  that  have  been 
constantly  exploited  before  the  architectural  and  engineering  pro- 
fessions during  the  past  i  5  years.  Some  of  these  systems  have 
superior  merit,  compared  one  with  the  other,  but  there  are  a  num- 
ber of  crude  methods  of  floor  construction,  being  advocated,  that 
should  never  be  allowed  in  a  building. 

I  justify  this  statement  by  the  number  of  building  accidents  and 
collapses  which  have  occurred  during  the  past  two  years,  aggrega- 
ting in  all,  to  my  knowledge,  18  different  disasters,  several  of  them 
attended  with  great  loss  of  life,  all  attributable  to  bad  floor  con- 
struction. 

I  am  satisfied  that  if  these  constructions  had  been  properly  su- 
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pervised  by  a  competent  engineer,  and  sufficient  and  suitable  ma- 
terial used,  and  care  taken  in  the  proper  installation  of  the  same, 
the  accidents  would  have  been  avoided. 

The  standard  steel  and  tile  construction  has  been  before  the 
public  so  long,  that  complete  detailed  specifications  are  now  pre- 
pared by  architects  and  engineers,  specifying  just  what  material  is 
required;  just  how  it  is  to  be  set  in  place;  just  what  proportion  of 
cement  is  to  be  used;  how  and  when  the  centers  are  to  be  "struck;" 
and,  in  fact,  careful  and  specific  directions  given,  so  that  the  hazard 
of  constructing  the  work  is  reduced  to  the  minimum. 

This  condition  does  not  exist  with  the  so-called  patented  systems 
of  construction. 

I  was  only  recently  called  upon  to  furnish  a  fireproof  estimate  for 
a  large  hotel  building.  The  architects'  drawings  showed  merely  the 
centers  and  location  of  the  columns,  the  dimensions  of  the  walls, 
heights  of  stories,  etc.     The  fireproofing  contractor  was  requested 
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to  submit  a  system  of  fireproof  construction,  prepare  his  own  de- 
tails of  steel,  also  his  own  specifications,  and  give  a  written  guaran- 
tee of  the  strength  of  the  floors. 

The  only  responsibility  the  architects  assumed  was  to  dictate  the 
live  load  per  square  foot  that  each  of  the  different  floors  and  roof 
were  to  safely(.'')  support. 

The  factors  of  safety,  however,  were  not  stated  ;  hence,  parties 
figuring  on  patented  systems  of  construction  might  use  a  factor  of 
two,  or  a  factor  of  four,  or  a  factor  of  si.\,  both  in  the  floor  con- 
struction and  also  the  steel  work. 
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It  seems  to  me  that  "wide-open"  specifications  of  this  character, 
which  permit  the  most  important  part  of  a  structure  above  the 
foundation,  to  be  designed  by  men  commercially  interested  in  sell- 
ing their  products,  is  a  very  dangerous  one  for  the  public,  who  are 
called  upon  to  occupy  said  buildings,  and  I  believe  it  accounts  for 
the  great  number  of  disastrous  building  collapses,  through  the  fall- 
ing of  fireproof  floors,  which  have  occurred  in  recent  years. 

Again,  in  writing  specifications  of  this  character,  legitimate  com- 
petition is  not  obtained,  because  no  two  fireproofing  concerns  figure 
on  the  same  plan  of  steel  work  and  the  owner  would  have  great 
difficulty  in  determining  (as  between  two  different  constructions) 
which  one  was  giving  him  the  most  for  his  money,  especially  when 
you  take  into  account  the  "insurance  agent"  tactics  used  by  some 
of  these  patent  systems  to  force  their  goods  upon  the  public  from 
a  commercial  standpoint. 

An  owner  of  sufficient  intelligence  to  amass  money  enough  to 
build  a  fireproof  building  would  hardly  be  expected  to  consult  his 
dentist  on  a  question  of  law.  The  same  owner,  however,  in  many 
cases,  to  my  knowledge,  has  gone  to  parties  engaged  in  manufac- 
turing cement  and  selling  wire  and  asked  them  to  design  a  steel 
skeleton  floor  and  roof  construction.  I  think  you  gentlemen  will 
understand  the  point  I  am  trying  to  make,  which  is,  that  there  is 
no  part  of  a  building  construction,  above  the  foundation  line,  more 
important  than  the  interior  steel  construction,  and  there  is  no  part 
of  a  building  that  should  receive  so  much  care  from  competent 
engineering  talent  in  order  to  insure  the  lives  of  the  tenants  and 
to  assure  the  owners  a  safe  and  permanent  structure. 

Through  the  efforts  and  skill  of  the  engineers  of  Chicago  the 
steel  skeleton  frame  construction  has  reached  its  highest  type  in 
this  city,  and  has  been  emulated  all  through  the  United  States  and 
Canada. 

This  high  standard  of  steel  construction,  incorporating,  as  it  does, 
steel  columns,  girders  and  beams,  thoroughly  riveted  together,  is, 
in  my  opinion,  the  best  and  safest  method  of  building  fireproof 
structures. 

I  would  space  the  beams  between  the  girders  the  proper  distance 
apart  to  give  the  maximum  of  strength  with  the  minimum  amount 
of  material.  These  beams  should  be  thoroughly  riveted  to  the 
girders.  Between  these  beams,  build  standard  end  constructed  tile 
arches,  laid  in  the  best  quality  of  Portland  cement  mortar;  cover 
the  soffits  of  all  "I"  beams  with  at  least  one  and  one-half  inches  of 
porous  terra  cotta  tile,  properly  secured  in  place;  and  protect  the 
sides  and  soffits  of  all  steel  girders  with  at  least  two  inches  of  por- 
ous terra  cotta  fireproofing  material. 

When  applying  the  fireproof  material  to  all  steel  work,  be  sure 
to  see  that  there  is  a  full  Portland  cement  mortar  joint,  covering 
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all  of  the  exposed  steel,  so  that  danger  of  deterioration  in  the  steel, 
in  later  years,  may  be  avoided. 

In  a  general  way,  I  have  spoken  of  the  standard  floor  arch  con- 
struction. You  are  all  more  or  less  familiar  with  the  numerous 
designs  in  use,  including  the  fiat  arch,  segmental  arch,  Guastivino 
arch,  and  numerous  others,  all  more  or  less  meritorious.  I  will  not, 
therefore,  go  into  details.  It  will  however,  be  consistent  for  me  to 
call  your  attention  to  one  great  advantage  that  the  hollow  tile  floor 
arch  has  over  any  other  system,  especially  in  use  in  high  buildings, 
and  that  is — that  without  materially  increasing  the  weight  of  the 
floor,  the  fireproof  arch  blocks  can  be  made  the  full  depth  of  the 
steel  beams,  between  which  they  are  placed,  thus  stiffening  the  steel 
work  horizontally  and  insuring  economy  in  the  quantity  of  steel  re- 
quired to  resist  the  stresses  of  wind  pressure. 

Are  there  any  disadvantages  in  the  use  of  the  standard  steel  and 
tile  construction,  as  compared  with  any  other  systems  on  the 
market.'' 

I  claim  there  are  none,  unless,  perhaps,  there  is  a  merit  in  the 
claim  of  a  certain  contractor,  who  said  to  me,  "Johnson,  you  will 
soon  be  driven  out  of  business  by  these  concrete  fellows.  They 
can  dump  their  sand  and  cinders  in  the  cellar,  while  you  have  to 
use  up  the  first  floor  to  pile  your  tile  on." 

Of  course,  we  require  a  certain  amount  of  space  at  the  building 
in  order  to  incorporate  our  work  properly,  but  I  told  my  critical 
friend  that  while  it  was  true  we  required  space  to  pile  our  material, 
we  did  not  occupy  it  very  long,  because,  if  given  an  opportunity,  it 
would  be  possible  to  finish  the  floors  of  a  twelve-story  building,  in 
place  complete,  within  1 2  working  days,  as  was  done  in  the  Schles- 
inger  &  Mayer  building,  corner  of  Madison  and  State  streets,  this 
city,  and  you  all  know  that  there  is  no  other  system  of  floor  con- 
struction that  could  be  erected  in  the  building  in  double  this  length 
of  time. 

Now,  as  to  the  advantages  of  the  standard  steel  and  tile  con- 
struction: 

First  of  all,  when  an  architect  specifies  the  hollow  tile  system 
of  construction  he  sees  to  it  that  a  proper  steel  skeleton  construc- 
tion is  designed.  If  he  has  no  designing  engineer  of  his  own  he 
employs  some  engineer  of  reputation  and  ability  to  prepare  his 
diagrams  and  details.  This  insures  the  fundamental  character  of 
the  construction.  The  engineer  knows  the  character  of  the  mate- 
rial he  is  employing.  There  is  no  experimental  stage  to  go  through; 
no  guessing  as  to  strains;  no  uncertainty  as  to  whether  the  mortar 
will  "set"  or  not.  It  is  all  clear  sailing  to  the  engineer,  and  when 
his  plans  are  prepared  and  competitive  prices  are  asked,  the  owner 
is  afforded  legitimate  competition,  because  his  engineer  tells  him 
what  he  should  use  in  the  way  of  steel  work  and  how  he  should  use 
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it,  and  all  bidders  are  perforce  required  to  figure  upon  the  same 
basis. 

Continuing  on  the  merits  of  standard  steel  and  tile  arch  floor 
construction,  rapidity  and  safety  of  erection  being  granted,  as 
exemplified  by  records  made  in  the  city  of  Chicago,  I  would  refer 
also  to  the  immunity  this  system  has  to  the  extremes  of  tempera- 
ture ;  rain,  frost  and  sncnc  do  not  impede  the  installation  of  this 
work. 

I  have  seen  floor  arches  in  the  Merchants'  Loan  &  Trust  Build- 
ing which  were  laid  while  the  thermometer  was  twenty  degrees 
below  zero,  thawed  out  with  salamanders  and  plastered  within 
forty-eight  hours  thereafter,  the  work  being  left  in  first-class  con- 
dition. 

To  the  capitalist,  who  has  money  invested  in  high-priced  prop- 
erty, it  would  seem  to  me  a  great  advantage  that  the  work  should 
continue  regardless  of  weather  conditions,  thus  saving  delay  and 
consequent  loss  of  interest  on  investment. 

In  designing  the  steel  work  for  the  floor  of  a  building,  the  most 
important  consideration  (outside  of  the  steel  construction  itself)  is 
the  weight  of  the  material  used  to  build  the  floor  between  the 
beams. 

There  is  no  system  of  construction  at  present  known  to  the 
building  arts  which  can  be  built  in  place  between  beams,  the  full 
depth  of  the  beam,  that  weighs  as  light  as  the  hollow  tile  system. 

There  are  numerous  concrete  systems  for  floors,  in  which  the 
upper  member  is  formed  with  a  slab  of  re-enforced  concrete,  sup- 
ported upon  concrete  raised  up  from  the  lower  flanges  of  the  beam; 
light  suspended  ceilings  of  wire  mesh  or  expanded  metal  are  then 
hung  on  the  under  side  of  the  beams  and  plastered  in  order  to  form 
a  straight  ceiling  below. 

This  form  of  floor  will  average  from  thirty-six  to  fifty  pounds 
per  square  foot  if  built  between  12-inch  beams.  The  upper  slab 
of  concrete  is  usually  built  three  or  four  inches  thick,  and  while  it 
answers  to  a  certain  extent  as  a  horizontal  re-enforcement  to  the 
sides  of  the  beams,  it  does  not  fulfill  the  requirements  of  a  stiff 
horizontal  floor,  the  same  as  does  the  hollow  tile  arch,  made  the 
full  depth  of  the  beam. 

A  square  foot  of  12-inch  porous  hollow  tile  arches  can  be  made 
to  weigh  not  to  exceed  30  pounds  per  square  foot. 

It  will  therefore  appear  that  the  hollow  porous  arch,  if  set  be- 
tween 12-inch  "I"  beams,  can  be  built  its  full  depth,  and  not  weigh 
as  much,  within  20  per  cent  per  square  foot,  as  the  concrete  floors 
above  referred  to. 

The  above  proportion  of  weight  per  square  foot  of  floor  will  hold 
good  on  all  beams  varying  in  depth  from  9  to  1 5  inches. 

Beams  of  greater  depth  than  15  inches  should  be  filled  with  10- 
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inch  tile  arches,  supported  on  raised  abutments  from  the  lower 
rtange  of  beam,  and  light  suspended  ceiling  tile  should  be  built  un- 
derneath the  arches  when  straight  ceilings  are  required. 

As  a  matter  of  fact,  however,  it  has  not  been  found  advisable, 
from  an  engineering  standpoint,  to  construct  Hoors  with  beams 
greater  in  depth  than  i  5  inches,  for  the  reason  that  the  cost  is  too 
great. 

Standard  tile  arches,  as  manufactured  by  us  to-day,  are  made 
with  at  least  one,  and,  in  many  cases,  two  horizontal  interior  webs. 
This  adds  greatly  to  the  comprehensive  strength  of  the  tile;  also 
serves  as  a  non-conductor  of  fire  from  story  to  story  of  the  build- 
ing, and  also  as  an  excellent  non-conductor  of  sound. 

This  is  a  great  advantage  in  apartment  buildings,  dwellings,  offices, 
hospitals,  and  any  structure  wherein  the  transmission  of  sound  from 
rtoor  to  fioor  should  be  obviated. 

Exhaustive  experiments  made  a  few  years  ago  by  Architect 
Dwight  H.  Perkins  demonstrated  conclusively  that  two  thicknesses 
of  hollow  tile,  with  double  air  spaces,  was  a  much  better  non-con- 
ductor of  sound  than  any  form  of  metal  lath,  double  or  single,  or 
expanded  metal  partitions,  solid  or  hollow,  that  could  be  found. 
These  experiments  were  conducted  at  the  time  Mr.  Perkins  was  de- 
termining upon  the  best  partitions  to  use  in  Steinway  Music  Hall 
to  divide  the  class  rooms. 

At  the  great  fire  in  Baltimore,  there  were  a  number  of  cases 
where  the  soffits  of  some  of  the  tile  arches  in  the  building  were 
cracked  and  dropped  off.  The  advocates  of  competitive  systems 
have  criticised  standard  steel  and  tile,  claiming  the  fact  that  the 
bottoms  dropped  off  as  an  evidence  that  the  construction  was  not 
good. 

It  will  appear,  however,  from  tests  which  were  made  on  all  those 
arches  left  remaining  in  the  building  that  the  carrying  strength  of 
the  floors  was  totally  uninjured,  notwithstanding  some  of  the  soffits 
had  dropped  off. 

Messrs.  W.  A.  and  A.  E.  Wells,  contractors  of  Chicago,  con- 
ducted a  series  of  tests,  under  the  auspices  of  the  Building 
Department  of  Baltimore,  and  certified  that  none  of  the  arches 
would  have  to  be  removed  from  the  building. 

In  fact,  all  repairs  on  these  arches  have  been  made  by  covering 
the  holes  left  by  the  broken  soffits  with  wire  cloth,  upon  which 
plastering  was  applied  direct. 

The  cost  of  making  these  repairs  has  been  comparatively  slight, 
in  contra-distinction  to  the  disaster  which  overtook  the  two  upper 
concrete  floors  of  the  F'idelity  and  Casualty  Building,  in  Baltimore, 
which  were  so  badly  wrecked  that  the  entire  structure  had  to  be 
razed. 

I  have  before  referred  to  the  rapidity  with  which  tile  arches  can 
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be  installed  in  place  in  the  building,  and  also  the  fact  that  the  work 
can  be  carried  on  during  any  portion  of  the  year  regardless  of 
weather  conditions. 

The  same  quality  which  makes  it  possible  to  erect  hollow  tile 
under  these  adverse  conditions  also  insures  the  rapid  drying  out  of 
the  floors  after  erection.  The  moisture  in  the  plastering  under- 
neath and  the  concrete  filling  on  top  of  the  arches  is  absorbed  and 
carried  off  through  the  hollow  spaces  of  the  floor,  thus  eliminating 
the  large  quantity  of  moisture  inseparable  from  any  and  all  systems 
of  concrete  construction. 

It  is  not  an  uncommon  thing  for  concrete  work  to  remain  damp 
and  require  anywhere  from  four  to  eight  months  to  become  per- 
fectly dried  out,  depending  entirely  upon  the  the  thickness  of  the 
slab  and  the  weather  conditions  at  time  of  installation. 

The  injury  to  hard  wood  floors,  interior  finish,  cabinet  work, 
furniture,  etc.,  on  account  of  the  damp  conditions  incident  to  build- 
ings of  other  than  hollow  tile,  gives  evidence  of  the  great  advan- 
tage of  this  material  as  compared  with  all  others,  especially  in 
cases  where  the  work  must  be  carried  on  rapidly  and  continuously 
from  start  to  finish. 

The  standard  floor  arch  construction,  upon  which  I  have  dwelt 
particularly,  is  familiar  to  all  engineers,  and  I  believe,  as  compared 
with  any  other  system  of  construction,  has  held  its  own  against  the 
inroads  of  competition  fully  as  well  as  any  other  system  of  building 
construction  before  the  engineering  world. 

There  is  yet  much  improvement  to  be  made  in  the  manufacture 
and  application  of  the  hollow  tile  system. 

It  can  be  greatly  improved  by  increasing  the  thickness  of  the 
material;  careful  inspection;  and  the  selection  only  of  the  best  qual- 
ities of  clay. 

Owing  however,  to  the  fact  that  this  is  an  age  of  strenuous  com- 
petition, the  manufacturers  and  contractors  for  hollow  tile  fireproof- 
ing,  have  been  obliged  to  sell  only  such  material  and  methods  as 
the  public  were  willing  to  pay  for. 

It  is  to  be  hoped  that  the  young  engineers,  who  are  graduating 
every  year  from  your  various  schools  of  technology,  will  take  hold 
of  the  subject  earnestly  and  endeavor  to  improve  the  systems  of 
construction  as  they  stand  to-day. 

I  claim  for  the  standard  floor  arch  construction  that  there  is 
nothing  uncertain  in  its  component  parts. 

The  material  can  be  tested  in  units  or  as  a  whole. 

The  workmanship  of  installation  affords  small  chance  for  disas- 
ter or  collapse. 

The  possibilities  of  improving  the  combination  of  structural  steel 
and  hollow  tile  for  floor  construction  are  as  great  to-day  as  they  ever 
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were,  and  it  is  to  the  eno^incers  of  the  future  to  whom  we  look  for 
these  improvements. 

The  various  monohthic  systems  of  concrete  at  present  on  the 
market  appeal  to  the  young  engineer,  for  there  are  certain  elements 
in  armored  concrete  that  are  alluring  to  the  technical  student. 

Let  it  be  borne  in  mind,  however,  that  the  standard  floor  arch 
construction  of  to-day  is  far  from  perfect,  but  let  there  be  an  effort 
made  to  better  a  system  which  has  withstood  all  competition  for  the 
past  30  years,  and  bids  fair  to  hold  its  own  for  many  years  to  come. 

DISCUSSION. 

Mr.  Hagn  (German  Engineer) — At  the  request  of  the  Secretary 
of  your  Society,  I  take  pleasure  in  saying  a  few  words  on  this  sub- 
ject, although  I  shall  have  some  difficulty  in  expressing  myself  in 
English  on  account  of  not  being  very  familiar  with  the  language. 

Referring  first  to  the  paper  by  Mr.  Montgomery.  He  states  that 
concrete  floors  will  not  be  affected  by  fire.  In  connection  with 
fireproof  construction  we  have  to  consider  not  only  fire,  but  also  the 
water  used  on  the  fire.  We  have  protected  columns  with  concrete 
from  3  to  3^2  inches  thick,  but  this  was  injured  by  water  from  the 
fire  engine.  Fireproof  construction  must  not  only  stand  against  fire, 
but  it  must  be  able  to  carry  the  load  which  comes  on  it,  and  con- 
crete without  iron  in  it  will  hardly  be  able  to  carry  a  load  for  a 
longer  span  than  8  or  10  feet.  At  the  present  time  in  Germany, 
floors  are  constructed  of  brick  with  spans  up  to  24  feet. 

We  do  not  use  cinder  concrete  in  the  construction  of  buildings, 
because  we  believe  that  iron  will  be  corroded  by  it.  Our  concrete 
is  mixed  by  machines,  but  we  do  not  use  a  very  strong  mixture; 
this  is  composed  of  i  part  cement,  8  parts  sand  and  12  parts  gravel. 

In  fireproof  construction  in  Germany  the  stairs  are  always  made 
entirely  of  concrete;  no  iron  beams  are  used  in  the  staircases,  and 
they  are  generally  surrounded  by  brick  walls.  These  concrete 
stairs  are  made  beforehand  with  some  rods  in  them,  and  are  put 
into  the  masonry  so  that  they  carry  themselves  with  a  tree  end — a 
cantilever. 

In  our  floors,  the  main  thing  is  to  calculate  the  iron  to  be  used. 
It  has  always  been  our  custom,  in  using  iron  in  concrete,  to  follow 
an  elastic  line. 

We  consider  a  girder  fireproof,  when  the  compressive  part  is  pro- 
tected. We  are  not  so  anxious  to  protect  the  tension  part  of  the 
girder,  but  the  insurance  companies  require  it;  the  engineers,  how- 
ever, do  not  consider  it  necessary.  Recently  we  have  built  the 
floors  with  brick,  and  build  spans  to  about  22  feet.  Some  engi- 
neers build  floors  with  hollow  bricks.  Our  hollow  bricks  have  just  a 
small  opening  in  them  not  larger  than  one  inch  in  diameter,  and  these 
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brick  floors  are  heavy — more  so  than  floors  built  with  hollow  tile. 

I  do  not  think  that  the  protection  of  the  lower  part  of  the  girder 
as  shown  in  one  of  the  illustrations  would  stand  against  a  heavy- 
fire  up  to  1,200  degrees,  as  I  think  the  concrete  would  all  fall  off. 

We  are  not  so  anxious  about  the  floors;  our  main  consideration 
is  to  protect  the  columns  against  fire,  and  the  stability  of  the  build- 
ing depends  on  the  columns  and  not  on  the  floors.  It  does  not 
much  matter  if  one  floor  does  break  down. 

Mr.  Johnson  stated  that  in  this  country  some  architects  show 
only  the  centres  of  the  columns  on  the  drawings.  We  have  to  draw 
and  calculate  every  girder  and  every  column,  and  have  to  show 
this  in  special  plans  before  calculation  for  the  cost  is  made. 

The  cement  and  concrete  floors  in  our  country  carry  the  sounds 
from  one  story  to  the  next  higher,  and  to  lessen  this  sound,  cinder 
concrete  is  put  about  the  floor,  with  very  little  cement — i  to  20; 
we  make  the  floor  of  concrete,  and  above  that  place  2  to  3  inches 
of  cinder  concrete  and  over  this  i  inch  of  cement  mortar — i  part 
cement  and  i  part  sand.  In  Germany  we  do  not  put  any  wood  on 
the  floors.  We  have  the  cement  floors  but  sometimes  we  put  on 
some  linoleum. 

We  do  not  put  any  iron  into  the  outside  walls  of  a  building,  as 
we  make  the  masonry  carry  the  load;  we  say,  the  more  iron  in  the 
building  the  more  danger  from  fire,  and  so  we  keep  the  iron  out 
where  we  can.  Neither  do  we  put  any  iron  in  the  arches  over  the 
windows. 

Mr.  JoJinson — Would  you  not  do  so  if  you  were  erecting  a  build- 
ing 16  or  18  stories  high.' 

Mr.  Has^n — No,  I  would  not. 

Mr.  Johnson — Vou  would  have  to  use  steel  if  you  finished  the 
upper  stories  first,  as  we  often  do  here. 

Mr.  Hagn — No,  I  do  not  think  we  would.  On  the  outside  of 
the  wall  there  are  some  wooden  columns  to  carry  the  girders  which 
rest  on  the  masonry.  We  do  not  construct  the  iron  as  you  do,  as 
we  try  to  bring  the  load  of  the  girders  centrally  upon  the  column; 
we  never  have  it  on  one  side  of  the  column.  We  consider  this  ec- 
centric loading  a  fault,  and  generally  we  do  not  join  the  girders  on 
the  column,  but  we  make  the  joint  a  cantilever;  so  we  always  get 
a  central  load  on  the  column.  We  seldom  fill  up  the  columns;  we 
protect  the  columns  outside,  but  not  inside.  I  understand  you  fill 
the  hole  inside  the  columns  with  concrete. 

Mr.  Condron — I  would  like  to  ask  Mr.  Hagn  if  in  Germany  they 
have  any  seventeen  story  buildings  with  masonry  walls  running 
down  to  the  ground.' 

Mr.  Hagn — No;  we  do  not  have  such  high  buildings.  Any  pro- 
tection of  our  columns  against  fire  is  generally  made  of  limestone 
concrete.     We  do  not  consider  it  fireproof  if  not  protected  again 
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with  some  sheet  iron  outside.  We  very  seldom  protect  our  columns 
with  bricks;  generally  with  limestone  concrete  or  with  Monier  con- 
crete, and  this  is  again  protected  by  sheet  iron. 

Mr.  Warder  -  Y)QG^'&  that  iron  go  all  the  way  to  the  ceiling,  or  only 
part  way.^ 

Mr.  Hagn  SoxuQ  make  it  up  to  the  ceiling;  others  put  it  up 
only  about  6  or  7  feet  from  the  floor. 

We  have  found  that  the  fire  streams  will  injure  the  columns  but 
not  so  much  so,  but  that  they  can  be  used  again  in  the  reconstruc- 
tion of  the  building.  The  columns  are  generally  made  of  cast  iron, 
as  we  think  that  cast  iron  will  stand  more  than  wrought  iron.  We 
do  not  protect  the  roofs  at  all.     They  are  generally  built  of  wood. 

Mr.  J.  L.  Menscli — In  regard  to  Mr.  Johnson's  remark  that  steel 
skeleton  and  hollow  tile  are  the  only  fireproof  construction,  I  wish 
to  say  that  I  remember  several  fires  where  it  did  not  seem  that 
hollow  tile  did  so  very  well.  I  understand  that  in  the  Home  fire 
in  Pittsburg,  more  than  25  per  cent  of  the  fireproofing  had  to  be 
replaced;  while  a  concrete  floor  of  16-foot  span,  in  a  building  right 
across  the  street,  in  which  all  the  interior  burned  out,  stood  all  right. 

W^e  can  have  reinforced  concrete  construction  sometimes  at  less 
cost  than  slow  burning  wood  construction.  I  am,  at  present,  erect- 
ing a  ten  story  building  of  reinforced  concrete  for  less  money  than 
a  slow  burning  wood  construction  would  cost. 

How  can  he  recommend  steel  and  hollow  tile  as  the  only  con- 
struction, when  he  can  get  a  perfectly  safe  fireproof  building  for 
considerably  less  money.-* 

Mr.  G.J.  S.  Collins — I  would  like  to  ask  Mr.  Johnson  if  he  in- 
cluded his  long  span  system  amongst  those  which  he  condemned  in 
his  remarks. 

Mr.  Johnson — Yes  I  do.  I  am  on  record  as  being  averse  to  long 
span  construction  referring  to  monolithic  methods,  in  which  steel 
rods  or  bars  are  embedded  in  cement,  and  the  floor  subjected  to  ex- 
treme transverse  strains. 

Mr.  Bliiment/ial — In  regard  to  the  cinder  concrete  construction, 
I  have  in  mind  a  case  where  this  was  used  in  connection  with  a 
boiler  foundation,  and  sometime  afterward  this  was  taken  out — one 
glowing  mass  of  coal. 

Mr.  B.J.  Ashley — I  was  very  much  interested  in  an  article  writ- 
ten by  Prof.  C.  L.  Norton  of  the  Massachusetts  Institute  of  Tech- 
nology, in  which  he  states  the  fact  that,  after  subjecting  the  con- 
crete to  a  heat  of  about  1,000  degs.  Fahr.,  a  surface  disintegra- 
tion of  the  concrete  took  place  through  dehydration  to  a  depth  of 
about  54  inch ;  beyond  that  the  concrete  was  not  destroyed.  In 
the  repaired  buildings  the  cost  of  the  repairs  would  be  quite  a  mini- 
mum, under  such  circumstances.  Now,  it  is  clear  that  the  heat 
would  have  to  be  greatly  intensified  to  dehydrate  the  cement  for 
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another  y^  inch,  with  this  insulated  coating  on  the  outside,  and 
it  occurred  to  me  that  this  statement,  being  correct,  that  concrete 
is  a  good  fireproof  material. 

Referring  to  the  strength  of  hollow  tile  floors,  there  occurs  to 
my  mind  a  little  incident  that  happened  at  the  Owings  building  a 
number  of  years  ago,  when  during  its  construction  a  safe  fell, 
destroying  a  portion  of  every  floor  from  the  top  to  the  basement, 
and  I  would  like  to  ask  Mr.  Johnson  if  the  hollow  tile  construc- 
tion of  floors  was  installed  in  that  building } 

Mr.  JoJinson — You  are  right  about  that  accident;  but  instead  of 
its  being  a  safe  it  was  a  water  tank. 

Mr.  Ashley — It  occurs  to  me  that  with  the  proper  construc- 
tion of  reinforced  concrete,  such  an  accident  could  not  have  taken 
place  under  similar  circumstances. 

Mr.  E.  N.  Layfield — I  would  like  to  ask  Mr.  Montgomery  whether 
those  arches  shown  in  the  illustrations  were  of  cinder  or  stone 
concrete. 

Mr.  IV.  L.  Abbott — I  think  it  is  pretty  well  established  that  ce- 
ment is  a  great  protection  to  wrought  iron  beams,  about  which  there 
was  great  anxiety  at  the  beginning  of  the  present  style  of  steel 
construction.  A  short  time  ago  I  had  occasion  to  investigate  the 
condition  of  the  girders  in  a  vault  supporting  a  railroad  track  in  a 
power-house,  the  vault  being  continually  moist  from  steam.  The. 
bottom  of  the  girders  not  being  protected,  and  always  being  damp, 
accumulated  a  very  thick  coating  of  scale.  After  the  installation 
had  been  in  for  a  few  years  there  was  considerable  uneasiness  as  to 
the  possible  deterioration  of  the  remainder  of  the  beam,  and  it  was 
thought  it  would  last  only  a  few  years  if  it  was  rusting  like  the  ex- 
posed flange.  Accordingly,  I  had  the  cement  chipped  away  to  expose 
the  web  of  the  beam,  and  found  it  to  be  perfectly  clean.  Of  course 
the  cement  adhered  to  it,  but  there  was  no  indication  of  rust.  I 
concluded  that  the  best  protection  for  the  bottom  of  the  girder 
would  be  to  sling  a  trough  below  the  girders  after  cleaning  them 
off,  and  then  fill  this  up  with  concrete,  completely  encasing  the 
iron.      I  presume  that  protection  will  stand  for  all  time. 

Mr.  JoJinson — The  Owings  building  was  constructed  about  i8 
years  ago,  and  the  company  I  was  with  at  that  time  had  nothing 
to  do  with  the  work.  The  floors  were  put  in  place  by  the  Chicago 
Fire  Proof  Co.  The  tiles  used  were  extremely  thin  shells — some- 
thing like  y^  of  an  inch — and  were  built  on  the  side  construction 
principle.  There  was  a  large  water  tank  on  top  of  the  building,  and 
in  some  way  or  other,  in  adjusting  it,  the  derrick  slipped  and  the 
tank  broke  through  to  the  basement  and  carried  the  arches  and 
steel  beams  with  it.  But  the  tile  construction  companies  do  not 
now  use  the  side  construction  arch;   they  use  the  end  construction; 
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and  we  have  numerous  evidence  of  falling  weights  on  our  construc- 
tion that  stopped  right  on  the  floor  below. 

In  Baltimore,  in  the  Continental  Trust  Building,  there  was  a  very 
large  safe  on  one  of  the  floors,  set  up  on  wooden  blocks,  and  weigh- 
ing about  three  tons.  The  fire  burned  the  wooden  blocks  from 
underneath  the  safe  and  it  fell  over,  but  stopped  right  on  that  floor 
and  very  slightly  damaged  the  arches. 

As  for  impact,  under  ordinary  conditions,  the  tile  system  will 
stand  all  requirements.  The  fact  that  there  are  so  many  million 
feet  in  place  and  under  so  many  different  conditions,  should  leave 
no  room  for  criticism  of  the  strength  of  the  construction  at  this 
late  date. 

Mr.  Mensch  has  given  me  some  light  on  the  subject  of  concrete 
and  I  want  to  congratulate  him.  He  says  he  can  construct  a  build- 
ing of  concrete  cheaper  than  wood.  Well,  I  hope  he  can,  because 
I  am  averse  to  wood  construction;  I  have  fought  it  all  my  life  and 
the  more  concrete  buildings  that  are  put  up,  the  better  it  is  for  the 
fireproofing  business,  because  it  means  so  much  less  wood  used.  I 
am  not  going  to  criticise  what  Mr.  Mensch  has  said  about  the  cost, 
but  if  he  can  put  up  a  concrete  structure  cheaper  than  wood,  that 
will  stand  up  to  building  requirements,  he  will  do  better  than  any 
other  engineer  has  done  in  this  country  to  my  knowledge. 

As  to  the  fireproofing  qualities  of  cinder  concrete,  I  listened  to 
the  very  able  paper  of  my  friend  Montgomery,  and  I  want  to  con- 
gratulate him;  it  was  a  very  excellent  paper.  The  statements, 
however,  will  not,  in  my  mind,  hold  water,  and  I  know  his  fireproof- 
ing will  not  stand  it.  In  the  Baltimore  fire,  the  severe  tests  were 
in  the  upper  stories.  There  were  no  concrete  buildings  higher 
than  the  Fidelity  Building — the  two  upper  stories  of  this  building 
got  a  pretty  good  roasting  by  fire.  The  result  was,  when  they 
tested  the  floor  it  was  found  to  be  very  weak.  I  noticed  a  test  was 
made  by  Testing  Engineer  Johnson,  of  the  Johns  Hopkins  Univer- 
sity. He  took  samples  of  the  floors  of  that  building  to  his  labora- 
tory, and  it  was  found  that  while  from  the  lower  floors,  where  there 
had  been  no  fire,  it  was  good  under  compression  up  to  350  pounds 
per  square  inch,  yet  the  material  taken  from  the  two  upper  floors, 
where  the  fire  had  been  most  severe,  did  not  show  a  compressive 
strength  exceeding  from  9  to  30  pounds  per  square  inch.  Any 
material  that  will  deteriorate  under  one  heating  from  350  pounds 
to  the  inch  to  9  pounds,  is  not  very  good.  Take  that  same  material 
and  use  it  in  columns,  what  is  going  to  be  the  result  in  case  of 
severe  fire.''     Your  material  is  destroyed. 

Mr.  Blumenthal's  remarks  reminded  me  of  an  incident  in  connec- 
tion with  the  use  of  cinder  concrete.  The  case  was  in  connection 
with  some  core  ovens  where  the  heat  was  not  over  900  degrees. 
The  foundation  was  put  in,  using  cinder  concrete,  and  the  f(.)reman 
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reported  that  there  was  something  the  matter  with  the  core  ovens — 
that  they  were  sinking.  He  stated  that  he  had  some  expensive 
cores  in  the  ovens  and  did  not  want  to  lose  them.  On  examination 
it  was  found  that  the  heat  from  the  core  ovens  had  set  the  cinders 
on  fire,  and  the  foundations  were  completely  destroyed,  and  the 
whole  thing  had  to  be  taken  out.  Fireproofing  that  burns  is  not 
fireproofing.  It  is  a  good  deal  like  this  so-called  fireproof  wood 
that  the  U.  S.  Government  has  awakened  to  the  fact  is  not  fire- 
proof, because  it  will  burn.  I  have  made  tests  of  cinder  concrete 
and  stone  concrete  and  none  of  the  cinder  concrete  and  stone  con- 
crete I  have  been  able  to  make  will  stand  fire  and  water  separately, 
or  fire  and  water  combined,  without  practically  destroying  it  with 
one  heating.  In  regard  to  the  concrete  that  our  friend  Montgom- 
ery speaks  of,  I  would  like  to  get  the  formula  of  how  to  make  it  so 
it  will  stand  fire. 

I  have  a  little  yard  out  on  the  South  Side  that  I  would  be  very 
glad  to  have  a  committee  of  this  society  visit  and  make  some  ex- 
periments. I  think  I  could  demonstrate,  to  any  man's  satisfaction, 
that  concrete  is  not  fireproof,  and  you  can  test  it  yourselves.  You 
need  not  go  through  an  elaborate  series  of  tests  to  find  this  out, 
either.  Take  an  ordinary  cement  briquette  and  heat  it  to  1,200 
degrees  and  let  it  cool  gradually;  you  know  what  corresponding 
briquettes  have  stood  in  the  testing  machine  before  heating;  now 
put  one  in  your  machine  after  heating,  and  you  will  find  that  it  has 
deteriorated  50  per  cent.  If  the  cement  briquettes  deteriorate  un- 
der heat,  certainly  fire  injures  the  concrete.    So  much  for  concrete. 

We  all  know  what  burnt  clay  is;  we  know  that  when  we  want  to 
build  a  furnace  we  do  not  make  the  bricks  to  line  that  furnace  of 
cinder  concrete;  nor  do  we,  when  we  want  to  make  cement,  line  the 
cement  ovens  with  bricks  made  of  Portland  cement.  You  cannot 
find  an  engineer  in  the  country  that  will  do  it,  because  he  knows  it 
will  not  stand.  It  is  not  a  fire  resisting  material.  What  does  he 
use.?  He  uses  fire  clay  for  the  purpose.  That  is  the  base  of  our 
material.  I  think  we  have  the  best  thing  on  the  market  for  the 
reason  that  it  is  fireproof  material  and  has  the  basic  qualities  that 
will  resist  fire. 

Mr.  Abbott — I  have  tested  a  great  deal  of  cinders,  and  find  that 
cinders  are  cinders,  whether  they  contain  i  per  cent  or  50  per  cent 
of  combustible  material.  Possibly  Mr.  Montgomery  will  tell  us 
how  much  combustible  would  be  permitted  in  his  mixture. 

Mr.  Montgomery — We  use  principally,  for  fireproofing  material, 
cinder  concrete.  We  get  the  cinders  from  the  large  boiler  plants 
you  find  all  over  the  city  now,  and  it  is  a  poorly  managed  plant 
that  permits  much  of  its  combustible  coal  to  get  through  the  fire 
box.  You  will  find,  with  the  mechanical  stokers  which  they  have 
today  in  nearly  every  plant,  that  the  coal  is  completely  consumed. 
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The  result  is  the  cinder  concrete  will  probably  take  a  higher  tem- 
perature than  the  burnt  clay  products  referred  to  by  Mr.  Johnson. 
We  have  had  construction  material  come  closely  in  connection  with 
fire,  and  have  never  yet  had  any  burst  out  in  flame  and  burn  up;  if 
such  a  thing  has  occurred  it  was  probably  because  the  cinders  were 
made  in  a  cook  stove  at  home,  and  were  not  the  uniform  product 
from  large  plants  where  most  of  the  cinders  are  obtained. 

In  regard  to  dehydration  of  concrete,  as  referred  to  by  Mr.  Ash- 
ley. This  matter  was  brought  up  in  connection  with  the  Baltimore 
fire  by  Mr.  Sewell.  It  is  a  fact  that  at  a  temperature  of  probably 
not  to  e.xceed  1,000  degrees  the  water  of  crystallization  in  the  con- 
crete is  liable  to  be  driven  off.  This  is  immediately  replaced  by 
carbon  dioxide,  and  the  non-conductivity  of  the  material  is  such 
that  only  by  very  severe  and  very  long  periods  of  heating  can  the 
material  be  affected  more  than  ^-inch  to  ^-inch  in  depth.  The 
fact  that  the  concrete  he  refers  to  went  through  this  extremely  high 
temperature  in  the  conflagration  speaks  very  well  for  the  low  thermal 
conductivity  of  the  material.  In  other  words,  after  going  through 
this  test  it  demonstrated  that  2,400  degrees  applied  until  all  com- 
bustible material  within  reach  was  consumed,  did  not  destroy  the 
concrete.  With  material  that  has  the  non-conductivity  that  con- 
crete has,  it  will  take  a  great  many  fires  to  injure  it  to  any  consid- 
erable extent. 

In  answer  to  Mr.  Layfield's  question,  I  wish  to  say  that  all  of  the 
concrete  arches  shown  in  connection  with  the  Baltimore  fire  were 
of  cinder  concrete. 

The  extreme  test  of  any  fireproofing  material  is  water.  Balti- 
more furnished  us  very  little  data  in  that  respect,  as  practically  lit- 
tle or  no  water  was  used  during  the  fire  because  the  temperature 
was  such  that  the  fire  department  could  not  get  within  fighting 
distance.  Rochester,  N.  Y.,  is  a  good  example.  There  was  a  large 
building  there-  -the  Granite  Building — (ten  or  eleven  stories)  on 
fire,  and  the  fire  and  the  firemen  had  undisputed  sway  for  some  time. 
Most  of  the  combustible  material  was  consumed.  The  contractors 
for  the  reconstruction  of  that  building  found  that  90  per  cent  of 
the  tile  arches  had  lost  their  soffits.  The  contract  for  reconstruct- 
ing this  building  was  awarded  to  a  concrete  concern,  and  the  floor 
arches  were  tested,  and  where  they  developed  the  required  strength 
they  were  left  in  place;  the  remainder  of  the  tile  was  removed  and 
concrete  substituted.  Where  the  tile  arches  were  not  removed  a 
wire  lath  ceiling  was  constructed  below  them  to  conceal  the  dam- 
aged soffits  of  the  tile. 

As  to  the  question  whether  or  not  concrete  will  stand  high  tem- 
perature, that  matter  was  very  thoroughly  gone  into,  but  it  seems 
to  have  been  overlooked  by  some  parties.  A  few  years  ago  a  very 
warm  debate  took  place  in  New  \'ork,  and  some  elaborate  tests 
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were  made.  The  result  of  these  tests  uniformly  demonstrated  that 
concrete  would  stand  a  high  temperature,  and  for  a  long  time.  The 
New  York  fire  department  determined  that  five  hours  was  about 
the  limit  of  time  that  a  fire  could  burn  before  being  brought  under 
control,  so  the  tests  were  conducted  on  that  basis.  The  tempera- 
ture after  thirty  minutes  would  reach  1,200  to  1,500  degrees;  it 
then  immediately  went  up  in  the  neighborhood  of  2,000  degrees 
and  for  at  least  three  hours  the  temperature  maintained  was  about 
2,000  degrees;  2,300  degrees  is  practically  the  limit  of  the  tem- 
perature that  can  be  reached  by  burning  wood  under  a  natural 
draft.  All  of  the  tests  of  concrete  constructions  went  through  in 
elegant  shape.  The  tests  were  made  on  each  construction  inde- 
pendently. At  the  conclusion  it  was  thought  advisable  to  demon- 
strate the  relative  merits  between  hollow  tile  and  concrete,  and  a 
.vault  was  built  14  x  10  feet.  The  roof  of  that  vault  consisted  of  one 
tile  arch  and  one  concrete  arch;  the  conditions  were  identical,  and 
no  exceptions  taken.  The  New  York  Building  Department  was  so 
careful  that  a  watchman  was  kept  on  that  building  24  hours  a  day, 
and  every  person  that  came  within  gunshot  of  that  test  was  asked 
what  he  came  for,  and  what  he  did  was  noted.  They  were  tested 
until  one  or  the  other  failed;  the  result  was  the  tile  arch  failed 
while  the  concrete  remained  in  place.  It  was  the  intention  that  if, 
after  a  reasonable  time,  neither  failed,  they  were  to  be  given  an  ad- 
ditional load.  It  was  the  intention  to  put  water  on  the  arches,  but 
that  was  not  done. 
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The  vast  strides  that  recent  years  have  seen  in  steam  engine 
practice,  such  as  the  use  of  high  pressure  steam,  multiple  expan- 
sion, superheating  and  condensation,  have  resulted  in  reducing  the 
steam  consumption  to  a  point  beyond  which  it  is  almost  impossible 
to  go. 

But  while  these  improvements  have  resulted  in  the  attainment 
of  high  economy  in  many  classes  of  steam  engines,  there  is  one 
great  class  in  which  the  steam  consumption  per  horse  power  is 
still  extremely  large.  This  class  is  composed  of  those  engines 
whose  daily  service  consists  principally  of  starts  and  stops,  such 
as  rolling  mill  engines,  winding  engines,  elevator  engines,  etc. 
The  enormous  quantity  of  steam  which  such  engines  exhaust  into 
the  atmosphere  constitutes  a  loss,  the  extent  of  which  can  hardly 
be  realized.  Nor  can  the  improvements  that  have  been  so  bene- 
ficial in  the  case  of  continual  running  engines,  produce  like  eco- 
nomies if  applied  to  these  intermittent  running  engines  by  reason 
of  the  adverse  conditions  under  which  they  are  usually  operated. 

Trials  of  modern  winding  engines  frequently  show  a  steam  con- 
sumption of  65  to  80  pounds  per  horse  power  in  mineral  hoisted, 
while  100  to  120  pounds  is  not  uncommon,  so  that  allowing  20  per 
cent  condensation  in  the  cylinders  and  passages  of  the  engine, 
there  is  discharged  into  the  atmosphere  by  such  an  engine  a  mini- 
mum of  9,000  to  10,000  pounds  of  steam  per  hour  which  is 
totally  lost. 

This  steam  is  theoretically  capable  of  developing  500  to  600 
horse  power  if  supplied  at  atmospheric  pressure  and  exhausted  at 
a  vacuum  of  27  inches. 

Rolling  mill  engines  frequently  consume  50,000  pounds  of  steam 
per  hour,  which  is  theoretically  capable  of  developing  over  2,500 
horse  power  in  expanding  from  atmospheric  pressure  to  the  vacuum 
of  an  ordinary  condenser,  even  after  deducting  20  per  cent  for  con- 
densation losses. 

The  consideration  of  this  enormous  waste  of  energy  has  caused 
many  inventors  to  turn  their  attention  to  devising  means  for  its  re- 
duction. As  a  result  we  have  had  proposals  to  utilize  sulphur  di- 
oxide gas  in  an  additional  cylinder.  While  theoretically  resulting 
in  a  saving,  however,  this  system  is  fraught  with  so  many  serious 
practical  difficulties  that  its  use  cannot  become  general. 
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By  Rateau's  system  of  directly  utilizing  the  exhaust  steam  from 
intermittent  running  engines  for  power  production,  an  enormous 
supplementary  power  becomes  obtainable  with  but  low  first  cost  for 
installation.  This  system  is  entirely  a  practical  commercial  success, 
having  been  in  operation  for  several  years  in  Europe. 

DESCRIPTION  OF  THE  SYSTEM. 

The  principle  of  the  process  consists  in  the  direct  utilization  of 
the  steam  exhausted  from  the  main  engines  by  means  of  low  pres- 
sure steam  turbines  operated  condensing  and  driving  electric  gen- 
erators, centrifugal  fans  and  pumps,  blast  furnace  blowers,  etc., — in 
short,  any  apparatus  requiring  a  constant  rotary  motion. 

As  the  exhaust  (usually  at  or  near  atmospheric  pressure)  from 
an  intermittent  running  engine  is  unavoidably  very  irregular,  and  ' 
more  or  less  discontinuous  even,  it  is  first  of  all  necessary  to  regu- 
larize this  discharge  so  that  it  can  be  delivered  to  the  low  pressure 
steam  turbines  continuously,  and  at  a  practically  constant  pressure. 
The  apparatus  for  doing  this  Prof.  Rateau  calls  a  steam  accummu- 
lator  regenerator,  or  briefly,  a  steam  accummulator. 

THE     STEAM    ACCUMULATOR. 

The  steam  accumulator  is  composed  in  principal  of  a  vessel  con- 
taining substances  suitable  for  performing  the  function  of  a  fly- 
wheel for  the  heat  in  the  steam.  On  entering  this  apparatus  the 
steam  is  condensed,  at  or  near  atmospheric  pressure,  and  its  heat 
so  accumulated  during  the  periods  when  the  main  engines  are  ex- 
hausting larger  quantities  of  steam  than  are  required  by  the  turbine, 
with  the  result  that  the  temperature  and  pressure  in  the  vessel  rise. 
When  the  supply  of  exhaust  steam  from  the  main  engines  falls  off 
or  ceases,  the  constant  demand  for  steam  by  the  turbine  reduces 
the  pressure  in  the  apparatus,  and  re-evaporation  or  regeneration 
of  the  steam  takes  place  with  consequent  reduction  of  temperature. 
The  heat  absorbed  by  the  "heat  fly-^yheel "  in  the  first  period  is 
given  out  again  during  the  second  period. 

In  practice,  the  variations  of  temperature  are  about  6  to  lo  de- 
grees F.,  which  correspond  to  pressure  variations  of  2  to  3  5^  pounds 
per  square  inch. 

The  range  of  pressure  is  entirely  controlled  by  the  weight  of 
materials  forming  the  "heat  fly-wheel  "  and  by  adjusting  the  safety 
valve  of  the  apparatus. 

The  accumulator  is  built  in  four  principal  forms,  depending  on 
the  materials  forming  the  "  heat  fly-wheel  "  : 

1.  Cast-iron  pan  type. 

2.  Scrap  iron. 

3.  Au  tomatic  agitation  of  water. 

4.  Mec  hanical  agitation  of  water. 
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/.   Cast-iron  Pan  Type. 

An  apparatus  of  this  form  is  employed  at  the  Bruay  mines  in 
France.  It  consists  of  one  or  more  cast-iron  tanks  (Fig.  i)  usually 
placed  vertically  and  containing  shallow  pans  of  cast-iron.  These 
pans  are  filled  with  water,  when  the  apparatus  is  first  put  in  opera- 
tion, and  the  steam  circulates  between  and  around  them. 

The  exhaust  steam  from  the  main  engine  enters  by  the  upper 
pipe,  as  indicated  (see  Fig.  i),  and  passes  to  the  pans  by  the  central 
passage  A.  Part  of  the  steam  passes  directly  down  the  walls  of 
the  tank  and  the  central  passage,  and  flows  to  the  turbine,  or  an- 
other accumulator,  as  indicated ;  the  remainder  of  the  steam  is 
condensed,  while  the  primary  engine  is  exhausting,  and  is  re-evap- 
orated when  the  exhaust  steam  is  cut  off. 
2.      Scrap  Iron. 

A  simpler  arrangement  consists  of  a  tank  containing  old  scrap 
iron.  A  6oo  H.  P.  installation  of  this  type  is  in  operation  in  the 
Reunion  mines  of  the  railroad — "  Saragossa  Alicante  Madrid," 
Spain.  In  this  apparatus  the  cast  iron  pans  are  replaced  by  old 
rails.  The  tank  can  then  be  placed  horizontally.  In  this  type, 
however,  the  heat  absorbing  capacity  of  the  water  contained  in  the 
pans  of  the  previous  type  is  lost.  However,  where  old  rails  are 
available,  this  form  results  in  great  economy  of  first  cost.  For 
this  reason  it  was  found  best  to  adopt  this  type  at  the  Reunion 
mines,  and  is  represented  in  Fig.  2.  It  was  made  from  an  old 
cylindrical  boiler  and  contains  some  50  tons  of  old  rails.  The 
intermittent  supply  of  steam  enters  by  the  pipe  D,  and  the  steady 
current  of  steam  reaches  the  turbine  through  the  pipe  PI 

Water  being  the  substance  having  the  greatest  capacity  for  heat, 
it  is  evidently  desirable  to  use  it  as  the  "heat  fly-wheel"  to  the 
exclusion  of  all  other  materials,  but  as  water  is  a  very  bad  conduc- 
tor of  heat,  in  order  to  communicate  a  large  quantity  of  heat  to  a 
given  mass  of  water  in  a  short  space  of  time,  it  is  necessary  that 
the  water  be  arranged  in  very  thin  sheets,  or  that  an  active  circu- 
lation be  produced  in  it,  so  as  to  bring  the  whole  mass  rapidly  in 
contact  with  the  source  of  heat.  The  water  types  of  accumula- 
tors have  been  designed  to  meet  these  requirements. 
J.     Automatic  Agitation  of  Water. 

The  apparatus  is  formed  of  a  horizontal  cylindrical  boiler  ( P"ig.  3) 
nearly  full  of  water.  Several  horizontal  pipes,  A,  of  elliptic 
section  and  large  area  are  arranged  in  the  boiler  or  tank,  and  reach 
from  end  to  end  with  vertical  passages  B  between  them.  The 
steam  enters  these  pipes  and  passes  into  the  passages  B  by  a  num- 
ber of  small  openings  in  the  walls  of  the  pipes  A.  The  steam,  in 
discharging  through  these  openings  into  the  passages  B,  causes  an 
extremely  rapid  movement  in   the   liquid  which  flows  up  the  pas- 
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sages  B  and  descends  in  the  passages  between  the  pipes  and  the 
walls  of  the  tank.  The  necessary  energetic  circulation  of  the 
water  is  thus  obtained. 

Sheet  iron  plates  are  arranged  over  the  passages  B  to  direct  the 
flow  of  the  water  in  a  horizontal  direction  and  prevent  its  being 
thrown  up  into  the  dry  pipe.  The  apparatus  is  furnished  with  a 
safety  valve  and  discharge  valve  actuated  by  a  float  when  the  water 
rises  to  a  given  level. 

During  the  discharge  of  steam  by  the  primary  engine,  an  ener- 
getic boiling  of  the  liquid  takes  place.  When  the  exhaust  stops, 
the  water  becomes  more  steady  and  gives  back,  as  steam,  the  heat 
contained  in  it  in  a  manner  similar  to  an  ordinary  boiler. 

The  dimensions  of  this  apparatus  are  relatively  moderate.  An 
accumulator  twenty  feet  long  and  six  feet  six  inches  in  diameter, 
containing  ten  tons  of  water,  allows  of  the  utilization  of  10,000 
pounds  of  steam  per  hour,  when  the  primary  engine  has  stops  of 
as  much  as,  and  not  over,  one  minute. 

A  350  H.  P.  accumulator  of  this  type  is  under  construction  for 
the  Bethune  mines.  Pas  de  Calais. 
^.     Mechanical  agitation  of  zvatcr. 

This  active  circulation  of  water  can  be  obtained  by  means  of 
mechanical  power — for  instance,  a  pump  raising  the  water  to  the 
top  of  the  accumulator,  the  discharge  pipe  emptying  into  a  perfor- 
ated tank,  through  which  perforations  the  water  flows  back  to  the 
accumulator. 

CALCULATION  OF  THE  DIMENSIONS  OF  AN  ACCUMULATOR. 

The  weight  of  materials  necessary  to  the  regeneration  of  steam 
increases  in  proportion  to  the  quantity  of  steam  per  hour  and  the 
duration  of  the  stops.  Suppose,  for  instance,  it  is  desired  to  con- 
struct an  accumulator  of  the  water  type.  During  each  stoppage  of 
the  primary  engine  the  accumulator  must  give  up  a  steam  equal  to 

3600 

O,  being  the  weight  of  steam  per  hour  and  t,  the  duration  of 
each  stoppage  expressed  in  seconds. 

These  P  pounds  of  steam  contain  at  atmospheric  pressure  966 
B.  T.  U.  per  pound.  Whence  the  accumulator  must  be  figured  to 
be  capable  of  giving  up  Px966=  N,  B.  T.  U.  within  the  allowable 
limits  of  variation  of  pressure. 

Calling  Z,  the  variation  of  pressure  corresponding  to  these  pres- 
sure limits  existing  between  the  commencement  and  end  of  each 
period  of  rest,  and  if  x  be  the  required  weight  of  water  forming  the 
"heat  fly-wheel,"  we  have  (the  specific  heat  of  water  being  unity) 

N  P 

X  =  -  =  y66  7, 

If,  in  place  of  water,  the  "  heat  fly-wheel "  is  composed  of  cast- 
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iron,  of  which  the  specific  heat  is  about  o.i  i,  a  mass  of  iron  will  be 
required  nine  times  as  great  as  we  have  obtained  above.  For  ex- 
ample, the  steam  consumption  of  the  secondary  engine  being  2,200 
pounds  per  hour  (corresponding  to  about  yj  effective  horse-power), 
the  duration  of  each  stop  being  one  minute  (or  60  seconds)  and 
the  allowable  range  of  temperature    10  degrees  F.,  then  we  have 

2200  X  60 

P  = 7 =  36.0 

3600 

and  the  accumulator  must  deliver 

36.6x966  =  35,400  B.T.U. 
Whence,  the  weight  of  water  necessary  to  deliver  this  quantity  of 
heat  per  minute,  with  a  range  of  temperature  of   10  degrees  F.,  is 

35400  J  , 

— — —  =  3540  pounds,  or  about  1.5  tons. 

For  cast-iron,  a  weight  of  '-^  ^  13-75  tons,  is  required, 

ACCESSORIES    TO     THE    ACCUMULATOR. 

Each  accumulator  is  provided  with  fittings  and  accessories  which 
make  the  turbine  and  the  main  engine  entirely  independent  of  one 
another. 

/.  Free  Air  Relief  Valve. 

This  valve  is  placed  on  the  accumulator  so  as  to  allow  the  steam 
from  the  primary  engine  to  escape  directly  into  the  atmosphere,  or 
into  the  condenser,  if  the  turbine,  by  reason  of  light  load  or  other- 
wise, does  not  require  all  the  steam  exhausted  by  the  main  engine. 

A  double-beat  valve  is  usually  employed  in  order  to  obtain  a 
large  area  of  discharge  with  a  small  lift,  and  also  to  balance  the 
thrust  of  the  steam,  as  shown  in  Fig.  3. 

2.  Automatic  Expansion  Valve. 

This  apparatus  is  provided  so  that  live  steam  from  the  boilers 
may  be  admitted  to  the  turbine,  should  the  main  engine  be  tempo- 
rarily shut  down,  or  if  sufficient  exhaust  steam  is  not  available  at 
times  when  the  turbine  is  required  to  continue  to  operate.  Under 
these  conditions  the  automatic  expansion  valve  opens  and  makes  up 
the  deficiency  when  the  pressure  in  the  accumulator  falls  below  a 
certain  fixed  value,  depending  on  the  requirements  of  each  particu- 
lar case.  This  is  indicated  in  Figs.  4  and  5.  By  means  of  these 
two  valves  the  engine  and  turbine  can  be  operated  entirely  inde- 
pendently of  each  other. 

No  inconvenience  or  difficulty  arises  in  utilizing  live  steam  from 
the  boilers,  when  the  primary  engine  is  not  operating.  On  the 
contrary,  from  the  point  of  view  of  the  boiler,  it  is  an  advantage, 
as  it  tends  to  make  the  operation  of  the  boilers  more  regular.  Of 
course,  in  such  a  case  the  steam  is  not  utilized  at  its  initial  pressure, 
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and  consequently  there  is  a  certain  loss  of  efficiency ;  but  this  is  in 
the  nature  of  an  emergency  operation,  and  in  cases  where  it  is 
likely  to  be  of  common  occurrence  another  arrangement,  to  be 
described  later,  is  adopted,  which  completely  avoids  this  difficulty. 

J.   Steam  Check  la/ve. 

This  appliance  is  provided  for  the  purpose  of  shutting  off  the 
accumulator  from  the  turbine  when  the  main  en-^ine  is  shut  down 
and  the  turbine  is  being  supplied  with  live  steam  only.  It  is  simi- 
lar to  the  atmospheric  relief  valve. 


Fig.  6. 

4.  Water  Check  Valve. 

This  is  shown  in  Fig.  3,  near  the  center  of  the  engraving,  and  is 
employed  on  accumulators  of  the  water  type  only.  It  is  used  to 
prevent  the  water  returning  towards  the  main  engine  through  the 
exhaust  supply  pipes  when  the  engine  is  shut  down  for  any  length 
of  time. 

5.  Automatic  Trap. 

The  water  entrained  in  the  exhaust  steam  or  from  condensation 
is  discharged  by  an  automatic  trap,  usually  an  inverted  syphon  or 
an  automatic  valve  operated  by  a  fioat  inside  the  apparatus. 

r.OW    PRESSURE    TURBINES. 

It  is  evidently  possible  to  utilize  the  regulated  fiow  of  steam  in 
a  reciprocating  engine,  but  such  an  engine  would  be  of  very  large 
size,  the  initial  cost  would  be  high,  and  moreover,  its  thermal  effi- 
ciency would  be  low  on  account  of  the  great  amount  of  cylinder 
condensation  that  would  occur. 
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It  is  entirely  unimportant  what  system  of  turbine  is  employed. 
The  type  developed  by  Prof.  Rateau  is  of  the  multicellular  direct 
action  type.  It  is  composed  of  a  number  of  very  light  sheet  steel 
wheels  carrying  circular  buckets  and  revolving  between  circular 
diaphragms.  These  diaphragms,  which  also  carry  the  guide  blades, 
are  set  into  grooves  in  the  interior  of  the  turbine  casing.  The 
bearings  are  exterior  to  the  turbine  and  a  special  system  of  mount- 
ing prevents  all  entrance  of  air. 

The  steam  consumption  of  this  turbine  is  very  low.  In  condi- 
tions where  a  piston  engine  requires  50  pounds  of  steam  per  brake 
horse  power,  the  turbine  requires  only  31.5  pounds.  It  is  here 
presupposed  that  the  initial  pressure  is  that  of  the  atmosphere  and 
the  back  pressure  equivalent  to  27  inches  vacuum. 

Turbines  lend  themselves  to  a  number  of  interesting  applica- 
tions, the  principal  of  which  is  the  generation  of  electricity.  The 
installation  at  Bruay  is   an   example.     The  low  pressure  turbine, 

—Turbine-dynamo  of  300  Horsepower. 
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Fig.  6,  supplied  by  the  steam   accumulator,   drives   two  dynamos 
operating  a  three-wire  system  at  500  volts. 

In  the  particular  case  of  low  pressure  turbines,  the  influence  of 
a  good  vacuum  in  the  condenser  is  considerable;  in  fact,  the  more 
perfect  the  vacuum,  the  better  the  steam  will  be  utilized.  The 
diagram  (Fig.  7)  shows  the  variation  of  the  efficiency  of  the  Bruay 
turbine  with  the  speed  of  rotation.  It  will  be  seen  from  this 
curve  that  the  combined  efficiency  at  1,800  revolutions  per  minute 
reaches  58  per  cent,  and  that  it  rises  to  over  60  per  cent  if  the 
speed  is  raised  to  about  2,000  revolutions  per  minute.  Tests 
made  in  November,  1903,  after  fifteen  months'  operation  showed 
no  falling  off  in  the  combined  efficiencies. 
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The  following  table  shows  the  steam   consumption  required  to 
give  a  horse  power  electric  at  the  terminals  of  the  generators: 


Absolute  pressure  of  steam,  at  admission.          

30  lbs. 

15  lbs. 

7-5  lbs. 

Vaccuum  in  the  Condenser  of  27.6  inches i .  14  lbs 

"  26  0     "         1.S5    " 

"            "  24.6     "        2  56    " 

20.7 
23.6 
26.4 

26.4 
3(^-3 

36.3 
47-3 
61.6 

The  first  horizontal  line  of  the  table  corresponds  to  the  case 
where  a  surface  condenser  giving  a  vacuum  of  27.6  inches  is  used. 
The  second  to  an  ordinary  jet  condenser  giving  a  vacuum  of  26 
inches,  and  the  third  to  an  ejector  condenser  giving  a  vacuum  of 
24.6  inches.     These  vacuums  are  easily  obtained  in  practice. 

The  central  vertical  column  corresponds  to  the  usual  conditions 
when  the  steam  is  supplied  to  the  turbine  at  atmospheric  pressure. 
The  first  column  gives  the  consumption  in  the  case  where  the 
primary  engines  e.xhaust  against  a  gauge  pressure  of  fifteen  pounds, 
in  order  to  take  advantage  of  the  superior  efficiency  with  which  it 
can  be  used  in  the  turbine,  w^hile  the  third  column  represents  the 
condition  where  it  is  desirable  not  to  disturb  the  condensing  opera- 
tion of  the  main  engines,  and  consequently  to  utilize  steam  ex- 
hausting from  them  at  about  7^2  pounds  absolute. 

It  will  be  seen  from  this  table  that  when  exhaust  steam  at  at- 
mospheric pressure  is  used,  an  electric  horse  power  can  be  pro- 
duced at  the  terminals  of  the  dynamo  for  26.4  to  36.3  pounds  per 
hour,  depending  on  the  vacuum  obtainable,  and  that  when  the 
turbine  is  supplied  with  steam  at  a  pressure  of  only  7.5  pounds 
absolute,  an  electric  horse  power  can  be  given  for  about  36  pounds 
of  steam  per  hour  under  good  vacuum  conditions. 

(;0\EKN()R. 

A  very  sensitive  centrifugal  governor  controls  the  speed  of  the 
turbine  so  that  the  variations  do  not  exceed  i  per  cent,  notwith- 
standing the  fluctuations  of  pressure  in  the  accumulator  and  of  the 
load  on  the  dynamos. 

C()MBI.\EI)   HIGH  AND  LOW  PRESSURE  TURBINES. 

At  times  when  the  low  pressure  turbine  is  supplied  with  live 
steam  direct  from  the  boilers  through  the  automatic  expansion 
valve,  the  steam  consumption  per  horse  power  is  evidently  higher 
than  would  be  realized  by  a  machine  designed  to  operate  at  the  full 
boiler  pressure;  for  example,  33  pounds  instead  of  22  to  26  pounds 
per  hour. 

When  the  operation  of  the  primary  engine  is  not  very  irregular, 
the  total  time  during  which    live  steam  is    required  is  relatively 
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very  small,  so  that  the  somewhat  larger  steam  consumption  during 
this  time  has  hardly  an  appreciable  influence  on  the  average  econ- 
omy. On  the  other  hand,  if  the  turbine  be  required  to  operate 
during  long  periods  of  rest  of  the  primary  engine,  for  example,  to 
operate  24  hours  a  day,  while  the  primary  engine  runs  10  hours 
only,  the  increased  consumption  is  no  longer  negligible. 

The  turbine  is  then  arranged  so  that  under  all  conditions  the 
highest  economy  is  assured  by  addmg  a  high  pressure  section  to 
the  turbine,  arranged  to  receive  the  live  steam  from  the  boilers 
when  the  primary  engine  is  shut  down.  After  passing  through  the 
high  pressure  section,  the  steam  enters  the  low  pressure  turbine. 
Thus  the  turbine  operates  with  equal  economy  either  with  the  ex- 
haust steam  from  the  primary  engine  or  with  live  steam,  from  the 
boiler,  or  with  both  together. 

The  two  sections  of  the  turbine  must  be  considered  as  an  ordin- 
ary high  pressure  turbine  arranged  to  receive  at  any  moment,  and 
to  utilize  in  the  most  economical  manner  the  exhaust  steam  from 
a  primary  engine.  It  should  be  clearly  understood  that  the  live 
steam  is  admitted  automatically,  as  required,  by  an  appropriate  gov- 
ernor. With  an  ordinary  vacuum,  such  a  turbine  will  not  require, 
at  full  load,  over  16.5  pounds  of  steam  per  electric  horsepower  per 
hour  at  the  switchboard,  at  a  gage  pressure  of  100  pounds  per 
square  inch,  and  as  stated  above,  from  26  to  36  pounds,  depending 
on  the  vacuum,  when  it  is  supplied  with  steam  at  atmospheric 
pressure  only. 

By  means  of  this  simple  arrangement,  a  machine  which  always 
operates  to  the  best  advantage  is  obtained.  At  times  when  no  ex- 
haust steam  is  available  it  is  simply  an  ordinary  high  pressure  tur- 
bine properly  utilizing  live  steam.  When  the  supply  of  exhaust 
steam  begins,  a  proportional  reduction  takes  place  in  the  quantity 
of  live  steam  required.  A  combined  high  and  low  pressure  turbine 
can  draw  its  steam  supply  not  only  from  two  sources  at  different 
pressures,  but  from  three  or  four — an  advantage  which  cannot  be 
as  easily  arranged  in  the  case  of  a  reciprocating  engine. 

It  is  unnessary  for  the  supply  of  exhaust  steam  to  be  sufficient, 
at  least  for  short  periods,  to  give  the  full  load  of  the  turbines;  it 
may  be  only  a  portion  of  the  total. 

APPLICATIONS   IX  STEEL  WORKS    AND  FACTORIES. 

The  original  installations  were  made  in  mines,  but  the  utilization 
of  exhaust  steam  can  be  equally  well  carried  out  in  steel  works,  in 
metallurgical  works,  and  generally  in  any  industry  which  employs 
intermittent  running  engines — as  for  example,  rolling  mills  and 
steam  hammers.  For  this  class  of  engines,  the  use  of  condensation 
or  multiple  expansion   presents  the  same  difficulties  as  mentioned 
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above,  so  that  the  steam  economy  is  low.  The  system  consequently 
can  be  employed  in  steel  works  equally  well  as  in  mines.  Ikit  it 
offers  far  greater  advantages  because  most  of  the  engines  are  run- 
ning night  and  day. 

Instead  of  producing  electric  power,  the  energy  in  the  turbine 
may  be  employed  to  drive  high  pressure  \entilating  fans  or  cen- 
trifugal air  compressors. 

Engines  consuming  40,000  to  45,000  pounds  of  steam  per  hour 
are  frequently  found  in  rolling  mills.  The  turbine  will  not  require 
over  3 1  pounds  of  steam  per  electric  horse  power  per  hour,  so  that 
the  exhaust  steam  from  such  an  engine  can  be  used  to  produce  over 
1,500  electric  horse  power.  Generally,  however,  the  exhaust  from 
several  engines  can  be  delivered  to  a  central  station,  where  it  can 
be  used  in  a  number  of  turbines.  If  O  be  the  weight  of  dry  steam 
in  pounds  thus  delivered  per  hour,  the  electric  horse  power  which 

can  be  developed  will  be  equal  to  ^. 

It  is  easy  to  see  that  in  modern  steel  works  an  addition  of  sev- 
eral thousand  horse  power  can  be  rendered  available  by  the  Rateau 
system. 

ADVANTAGES    OF    THE    SYSTEM    WHERE    A    CENTRAL    CONDEXSINC; 
SYSTEM    IS    ALREADY    INSTALLED. 

In  cases  of  this  kind  we  place  the  accumulator  and  turbine  be- 
tween the  primary  engine  and  the  condenser.  Outside  of  the  better 
efficiency  in  which  the  steam  is  used  by  this  means,  there  is  the 
additional  advantage  in  the  case  where  the  steam  is  delivered  to  the 
turbines  at  slightly  above  atmospheric  pressure  of  avoiding  the 
leakage  of  air  into  the  exhaust  system.  But  it  must  be  pointed  out 
that  turbines  can  also  be  operated  with  steam  at  a  pressure  below 
the  atmosphere  if  it  is  not  desirable  to  raise  a  back  pressure  on  the 
primary  engines  on  account  of  decreasing  their  power. 

It  would  seem  at  first  extraordinary  that  the  steam  can  be  utilized 
better  by  Rateau's  system  than  by  simply  operating  the  primary 
engines  condensing.  But  it  is  not  difficult  to  show  that  the  advan- 
tage is  very  considerable.  This  advantage  is  due  to  the  fact  that 
in  a  turbine  the  steam  can  be  expanded  down  to  the  very  last  limit, 
and  the  turbine  will  give  an  excellent  efficiency,  while  the  contrary 
is  true  in  the  case  of  reciprocating  engines. 

Steam  turbines  normally  develop  65  to  70  per  cent  of  the  energy 
theoretically  available  by  expanding  the  steam  from  atmospheric 
pressure  down  to  the  condenser  vacuum,  while  reciprocating  en- 
gines under  the  same  conditions  only  develop  35  to  40  per  cent  of 
that  energy. 

In  other  terms,  the  whole  installation  utilizes  the  available  heat 
in  the  steam,  leaving  the  boilers  better  when  reciprocating  engines 
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Pressure-diagrams  taken  from  the  Steam-accumulator. 
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Fig.  8. 
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are  used  for  high  pressure  and  turbines  for  low  pressures.  The 
truth  of  this  is  proved  in  the  following  manner : 

Let  .\'^  be  the  mean  steam  consumption  of  the  primary  engines 
per  effective  horse  power  per  hour  when  operating  non-condensing. 
Then  the  advantage 

\  a — when  they  are  simply  operated  condensing, 
\  b — ^Avhen  Rateau's  system  is  applied,  is  as  follows  : 

When  ordinary  condensation  is  employed,  about  i  5  to  20  per 
cent  of  the  steam  is  saved.  Let  us  take  the  latter  figure.  Then 
for  each  effective  horse  power  produced  by  the  primary  engines,  a 
quantity  of  high  pressure  steam  equal  to  0.2  N  becomes  available. 
Suppose  this  steam  be  employed  in  a  first  class  reciprocating  en- 
gine to  generate  electricity,  for  example :  The  steam  consumption 
of  a  generating  set  with  a  compound  or  triple-expansion  engine  is 
not  less  than  about  16.5  pounds  of  steam  per  electric  horsepower, 
so  that  the  power  rendered  available  will  be 

0.2N  N 

TeTs"^  82.5 

With  our  system,  as  the  primary  engines  still  operate  non-con- 
densing, they  will  consume  the  same  weight  of  steam  for  the  same 
useful  work  produced.  But  the  exhaust  steam  can  produce  in  a 
low  pressure  turbine  an  effective  horse  power  for  3  i  pounds  of  dry 
steam  per  hour. 

But  if  a  weight  of  steam  N  is  exhausted  from  the  primary  en- 
gines, there  will  be  only  80  per  cent  of  this  as  dry  steam,  assuming 
20  per  cent  of  the  steam  condensed  in  the  engines  and  pipes.  This 
weight  of  steam  is  capable  of  furnishing  useful  work  in  electric 
horse  power  amounting  to 

0.8  N  N 

31      ^  38.75 
Thus,  for  each  useful  horse  power  developed  by  the  primary  en- 
gines, for  a  steam  consumption  of  N  pounds  per  hour  when  oper- 

N 

ating  non-condensing,  ^     >  useful  horse  power  is  obtained,  at  the 

most,  with  the  ordinary  system,  while  with  Rateau's  system  more 
than  double  this  power  is  obtained.  The  ratio  of  these  two  figures, 
moreover,  is  independent  of  the  higher  or  lower  economy  of  the 
primary  engines. 

The  diagrams  (Fig.  8)  are  traced  automatically,  and  show  the 
conditions  of  the  steam  pressure  in  the  accumulator.  The  heavy, 
horizontal  line  shows  the  atmospheric  pressure,  and  generally  the 
pressure  is  above  that  of  the  atmosphere,  and  may  be  5.7  pounds 
per  square  inch,  or  even  more,  momentarily.  The  pressure  falls 
from  the  consumption  of  the  steam  by  the  turbine. 

The  value  of  P,  expressed  in  kilogrammes  per  square  centimeter 
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at  the  several  marginal  notes,  is  the  pressure  of  the  inflowing  steam 
to  the  turbine.  The  value  of  I  is  the  weight  of  steam  used  in  the 
turbine,  and  varies  with  the  vacuum  obtained  by  the  condenser. 

As  shown  in  these  diagrams  taken  at  the  Bruay  plant,  the  inter- 
vals of  time  between  the  peaks  of  pressure,  which  correspond  to 
the  times  of  the  operation  of  the  winding  engines,  is  about  one 
minute.  The  maximum  back  pressure  on  the  primary  engine  is 
5.7  pounds  per  square  inch.  The  top  member  of  the  diagram  indi- 
cates that  198  electric  horse  power  was  obtained  by  the  use  of 
4,950  kilogrammes  of  exhaust  steam,  with  a  range  pressure  of  0.890 
kilogrammes  per  square  centimeter  (corresponding  to  12.7  pounds 
absolute)  to  0.266  kilogrammes  per  centimeter  back  pressure  at  the 
condenser. 

THE  ACCUMULATOR  AS  AN  AID  TO  THE  CONDENSER. 

It  will  be  observed  that  the  accumulator  can  be  employed,  with- 
out a  turbine,  to  steady  the  discharge  of  steam  to  the  condenser. 
The  satisfactory  operation  of  central  condensation  connected  to  an 
intermittent  running  engine  is  due  to  long  exhaust  pipes  and  the 
presence  of  a  certain  quantity  of  water  in  the  pipes,  which  acts  as 
a  heat  fly-wheel.  The  accumulators  can  therefore  be  advantage- 
ously used  to  enable  the  condensers  to  operate  under  a  less  variable , 
load.  Then  there  is  no  objection  to  the  employment  of  jet  or  of 
ejector  condensers.  This  applies  principally  to  mine  shafts  where,- 
besides  the  winding  engine,  several  other  engines  such  as  fan  en- 
gines, compressors,  etc.,  are  operated,  and  which  not  infrequently 
have  a  total  steam  consumption  greater  than  the  winding  engine  it- 
self. An  accumulator  placed  between  the  winding  engine  and  the 
condenser  will  then  prevent  the  irregularity  of  the  exhaust  from 
that  engine,  affecting  the  vacuum  given  by  the  condenser  and  so 
insure  more  perfect  operation. 

ECONOMIES    RESULTING    FROM    THE    USE    OF    RATEAU'S    SYSTEM. 

These  economies  are  of  two  kinds : 

1st — Lower  initial  cost  of  the  apparatus,  and 

2d — Reduced  operating  costs. 

/.  Initial  Cost. 

The  saving  here  is,  that  no  additional  boilers  must  be  installed 
to  develop  the  power  required.  Rateau's  system  only  needs  a 
steam  accumulator,  which  is  far  less  expensive  than  boilers  of 
equivalent  capacity.  The  less  cost  of  a  turbo-dynamo,  compared 
with  a  reciprocating  engine  and  generator  of  the  same  power,  is 
also  to  be  considered. 

These  economies  vary  in  importance,  depending  on  the  additional 
power  required,  the  size  of  the  accumulator,  the  cycle  of  operations 
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of   the  primary  engine,  and  the  general  character  of  the  layout. 
Precise  figures  cannot  be  given,  more  especially  as  the  price  of  en- 
gines differ  considerably  in  different  countries. 
-?.  Reditct'd  0/>i- rating  Costs. 

These  savings  result  principally  from  the  fact  that  no  additional 
coal  is  burnt  while  the  primary  engine  is  in  operation,  and  also  be- 
cause, there  being  no  additional  boilers  required,  there  are  no 
interest  and  depreciation  charges  on  them. 

For  illustration,  a  500  electric  horse  power,  if  operating  ten  hours 
a  day  at  an  average  of  80  per  cent  of  rated  output,  will  realize  the 
following  economies : 

1.  Savin"  of  coal  in  3,000-hour  year,  at  $2.00 $6,900 

2.  Two  Firemen  at  $2.00  a  day 1,200 

3.  Less  fixed  charges,  say  at  10  per  cent 1,250 

Making  an  annual  saving  of   $9,350 

Of  course,  in  a  plant  running  24  hours  a  day,  the  saving  will  be 
proportionately  greater ;  but  in  the  case  of  coal  mines,  where  coal 
costs  very  little,  the  saving  is  not  so  large. 

It  may  be  that  these  economies,  even  if  the  interest  and  depre- 
ciation charges  are  deducted,  represent  a  very  large  percentage  of 
the  initial  cost  of  the  plant ;  so  much  so,  that  the  other  economies 
realized  will  completely  pay  for  the  plant  in  a  short  time. 

ADVAXTACES    OF    THE    SVSTE>r. 

Easy  to  install ;  takes  up  very  little  space,  and  costs  much  less 
than  a  reciprocating  engine  installation  of  the  same  power. 

No  attendance  nor  repairs  on  the  steam  accumulator. 

The  energy  recovered  by  means  of  the  turbines  can  be  used  for 
driving  dynamos,  centrifugal  pumps,  and  fans  of  low  or  high  pres- 
sure, all  extremely  simple  apparatus  and  easily  taken  care  of. 

Great  economy  in  operation.  No  coal  or  additional  boilers  re- 
quired. 

The  arrangement  of  the  bearings  outside  the  turbine  prevents 
all  oil  reaching  the  condenser. 

Possibility  of  employing  combined  high  and  low  pressure  tur- 
bines, so  that  the  steam,  whether  high  pressure  or  low  pressure,  is 
always  utilized  to  the  best  advantage. 

Generally  a  rational  and  more  perfect  utilization  of  the  heat 
energy  contained  in  the  steam. 

Installations  of  this  nature  are  in  operation  or  in  course  of  erec- 
tion at  the  following  places  : 

350  H.  P. — Bruay  mines,  France. 

600  H.  P.^ — Reunion  .Steel  Works,  Spain. 

500  H.  P.      l"'irminy  mines,  France. 
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2,700  H.  P. — Donetz  Steel  Works,  Russia. 
750  H.  P. — Romback  Steel  Works,  Germany. 
700  H.  P. — Steel  works  of  Poensgen,  Germany. 
600  H.  P. — HoussLi  mines,  Belgium. 

DISCUSSION'. 

Mr.  Wauier — A  great  deal  of  the  progress  in  modern  metal- 
lurgical work  is  due  to  the  invention  of  the  Siemen's  regenerative 
furnace.  This  improvement  consisted  in  passing  the  hot  waste 
products  of  combustion  through  chambers  of  brickwork,  containing 
masses  of  brick  which  absorbed  a  large  portion  of  the  heat  from 
the  waste  gases:  at  suitable  intervals,  by  means  of  valves,  the  pro- 
ducts of  combustion  were  div^erted  from  the  first  chamber  into  an- 
other and  similar  one,  while  the  air  for  the  combustion  of  the  fuel 
of  the  furnace  is  passed  through  the  first  chamber,  and  thus  re- 
heated to  a  high  temperature,  results  in  fuel  economy  and  a  much 
greater  heat  in  the  furnace.  The  special  point  to  be  considered  is 
the  recovery  of  a  great  portion  of  the  heat  from  the  products 
of  combustion  by  its  first  being  absorbed  by  means  of  brick 
work,  and  subsequently  the  giving  up  of  this  heat  to  the  passing 
current  of  air  to  be  used  in  the  combustion  of  the  fuel  for  the 
furnace.  It  appears  that  there  is  a  notable  analogy  between  the 
principle  of  the  Siemen's  regenerative  furnace,  and  the  device  de- 
scribed by  the  speaker  of  the  evening — namely,  the  regeneration  of 
the  heat  in  the  exhaust  steam  from  the  primary  engine,  which 
would  otherwise  go  to  waste.  The  conditions  are  different,  how- 
ever, in  that,  instead  of  using  chambers  containing  masses  of  brick 
work,  the  exhaust  steam  is  more  or  less  taken  up,  condensed  in  a 
closed  vessel  containing  water,  termed  the  accumulator,  which,  when 
called  upon,  because  of  the  cessation  of  action  and  supply  of  ex- 
haust steam  from  the  primary  engine,  will  give  up  its  heat  (or 
steam)  to  the  low  pressure  steam  turbine.  It  is  to  be  noted  that 
the  special  application  of  the  accumulator,  described  this  evening, 
is  in  connection  with  engines  whose  work  is  of  an  intermittent 
character,  and  that,  in  general,  the  exhaust  steam  at  about  or  above 
atmospheric  pressure,  is  utilized  in  a  low  pressure  steam  turbine  in 
connection  with  a  condensing  apparatus.  While  the  primary  engine 
is  in  operation  the  exhaust  steam  that  is  in  excess  of  the  needs  of 
the  steam  turbine  is  condensed,  and  the  heat  stored  up  in  the  accu- 
mulator. This  steam  is  yielded  up  to  the  service  of  the  turbine 
when  needed  because  of  the  stopping  of  the  primary  engine  and 
the  cutting  off  of  the  supply  of  exhaust  steam. 

Mr.  C.  A.  S.  Howlctt — I  would  like  to  ask  Mr.  Kattu  if  there  are 
any  such  plants  in  use  in  this  country  t 
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Mr.  Inittti — No ;  but  I  have  every  reason  to  believe  there  will 
be  at  least  one  very  important  plant  in  the  near  future. 

Mr.  Smoot — How  do  you  decide  what  shall  be  the  controlling 
factors  for  pre-determining  the  vacuum  ? 

Mr.  Battu — There  is  no  necessity  for  fixing  upon  a  special 
vacuum  ;  but  the  higher  the  vacuum  the  better  utilization  of  steam 
you  have,  especially  in  the  case  of  a  turbine. 

Mr  Smoot — Why  do  turbines  require  such  high  vacuum  ? 

Mr.  Battii — It  is  not  compulsory  that  turbines  work  against  a 
very  small  back  pressure,  as  they  can  be  worked  at  any  vacuum. 
In  the  case  referred  to  in  my  paper,  the  vacuum  of  the  central  con- 
denser at  Bruay  is  not  more  than  25  inches  ;  but  as  turbines  employ 
the  expansion  of  steam  to  the  limit  of  the  condenser,  it  is  very  im- 
portant to  push  that  limit  as  far  as  possible.  You  can  see  from 
the  table*  showing  the  consumption  of  steam  that  in  the  case  where 
the  exhaust  is  employed  at  atmospheric  pressure  with  a  condenser 
giving  27.6  inches,  only  26.4  pounds  of  steam  is  needed  for  a  horse 
power  electric  at  the  brushes,  and  that  with  a  vacuum  of  24.6 
inches,  then  36.3  pounds  of  steam  is  required.  A  well  established 
condenser,  working  against  an  exhaust  of  a  good-sized  power  en- 
gine, ought  not  to  employ  more  than  i  per  cent  of  the  power.  For 
illustration,  the  Fisk  street  station  of  the  Commonwealth  Electric 
Co.;  there  the  power  necessary  to  drive  the  auxiliaries  and  main- 
tain a  28  i/^ -inch  vacuum  is  not  quite  i  per  cent.  It  is  to  be  under- 
stood that  if  the  water  supply  for  circulation  is  in  an  abnormal 
situation,  the  power  for  the  pump  giving  the  circulation  of  water  is 
to  be  added.  I  do  not  understand  why  the  use  of  a  high  vacuum 
should  be  criticised,  when  there  is  water  enough  to  maintain  it.  It 
seems  to  me  that  it  depends  on  the  value  of  the  condenser  itself, 
and  as  it  is  a  known  fact  that  constructors  can  make  those  con- 
densers and  guarantee  a  vacuum  of  28  inches,  without  increasing 
the  first  cost  in  a  prohibitive  way,  is  not  the  choice  of  the  type  of 
condenser  a  great  factor  in  those  criticisms.?  In  the  case  of  an 
accumulator  combined  with  a  low  pressure  turbine,  the  choice  of 
the  condenser  is  left  completely  out  of  the  question.  The  im- 
portant thing  is  to  have  a  good  vacuum  if  you  want  a  high  efficiency. 
If  you  do  not  care  for  that  high  efficiency,  you  can  have  such  back 
pressure  as  you  desire. 

Mr.  Alvord — Am  I  right  in  understanding  you,  that  you  would 
place  the  economy  obtained  by  the  turbine  employing  the  regulated 
exhaust  superior  to  the  same  amount  of  power  developed  in  the 
primary  engine } 

Mr.  Battu — I  will  refer  to  the  table  of  consumption  of  steam 
contained  in  this  paper.      It  will  be  seen  that  if  the  main  engine  is 

*  Page  48(5. 
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of  the  type  of  an  ordinary  twin  hoisting  engine,  or  of  the  type  of 
reversible  rolling-mill  engine  exhausting  at  atmospheric  pressure, 
the  quantity  of  steam  required  to  obtain  a  useful  horse  power  in 
actual  work  will  be  an  average  of  90  pounds  per  hour  ;  or,  say  60 
pounds  for  a  very  modern  engine  having  all  the  latest  improve- 
ments, and  up  to  120  pounds  for  engines  of  less  modern  design 
and  construction.  Then,  in  the  first  case,  if  we  suppose  the  con- 
densation of  the  steam  in  pipes  and  cylinders  to  be  20  per  cent,  we 
have  48  pounds  of  steam  going  through  the  turbine,  and  if  we  sup- 
pose a  vacuum  of  26  inches  (referring  to  the  table  I  mentioned) 
we  have  a  horse  power  electric  at  the  brushes  for  32  pounds  of 
steam.  The  horse  power  in  this  case,  obtained  by  the  60  pounds 
of  steam,  will  be  i  horse  power  in  the  main  engine  and  about  i  y^ 
electric  horse  power  by  means  of  the  turbine. 

In  the  second  case  I  mentioned  we  have  120  pounds  of  steam, 
minus  20  per  cent,  condensation — say  96  pounds  per  hour,  working 
in  the  turbine  with  a  vacuum  of  26  inches;  referring  again  to  the 
table  we  have  then,  for  1 20  pounds  of  steam  coming  from  the  boil- 
ers, I  horse  power  in  the  main  engine  and  3  horse  power  electric 
at  the  brushes  of  the  turbo-dynamo. 

Mr.  Jnnkcrsfcld — If  I  understand  the  paper  correctly  most  of  the 
advantages  and  most  of  the  results  referred  to  are  with  engines 
working  under  heavy  load. 

I  would  like  to  ask  whether  the  scheme  has  been  tried  in  which 
much  of  this  auxiliary  apparatus  which  is  so  objectionable  in  large 
plants  is  eliminated.^  There  is  a  scheme  being  advocated  some- 
what by  a  few  American  engineers,  consisting  of  the  use  of  a  low 
pressure  turbine  in  series  directly  back  of  the  low  pressure  cylinder 
without  this  accumulator,  allowing  the  turbine  and  engine  to  work 
in  parallel,  and  the  turbine  doing  such  work  as  the  volume  of  range 
of  temperature  will  permit.    Has  any  such  scheme  been  tried  abroad.? 

J/r.  Battu — In  answer  to  Mr.  Junkersfeld's  remarks  I  will  say 
that  this  auxiliary  apparatus  that  Dr.  Rateau  calls  a  steam  accumu- 
lator has  for  its  object  to  regularize  the  flow  of  steam,  or  flows  of 
of  steam,  varying  in  pressure  and  in  volume.  Its  use  is  then  lim- 
ited to  those  engines  which  have  an  intermittent  exhaust. 

In  the  matter  of  replacing  the  low  pressure  cylinder  of  a  recipro- 
cating engine  by  a  steam  turbine,  we  are  in  the  presence  of  two 
problems  : 

First,  the  engine  is  a  continuous  running  engine,  and  then  the 
exhaust  is  regular.     In  this  case  no  steam  accumulator  is  needed. 

In  the  second  case,  if  we  have  non-continuous  running  engines 
the  exhaust  is  irregular  and  cannot  be  employed  through  any  sort 
of  engine.     The  method  of  Dr.  Rateau  allows  then,  by  the  use  of 
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a  Steam  accumulator,  to  employ  the  How  of  steam  regulated  by  his 
apparatus. 

Mr.  Junkersfeld — Has  the  scheme  of  the  first  case,  with  contin- 
uous running  engine,  been  tried? 

Mr.  Battii — As  far  as  I  know  this  idea  is  old — at  least  ten  years. 
As  to  its  application  I  would  like  to  mention  that  Dr.  Rateau  advo- 
cates for  ship  propulsion  triple  expansion  reciprocating  engines  ex- 
hausting into  turbines.  A  torpedo  boat  of  this  kind  has  been 
built,  and  the  trials  were  very  successful,  the  average  speed  be- 
ing 26.5  knots. 

Mr.  Junkersfeld— \  mean  particularly  on  constant  running  en- 
gines. 

Mr.  Battu — I  do  not  know  of  an  application  of  that  type  on  any 
other  engine,  except  on  the  boat  I  mentioned. 

Mr.  BlnvientJial — With  the  intermittent  supply  of  steam  in  a  case 
like  this,  what  is  the  variation  of  speed  in  your  turbine.' 

Mr.  Battu — Within  i  per  cent. 

Mr.  Hoivlett — You  stated  that  the  electric  horse  power  of  the 
Bruay  turbine  is  300;  what  is  the  horse  power  of  the  primary  mover.' 

Mr.  Battu — In  supposing  that  the  winding  engine  at  Bruay  hoists 
four  tons  of  coal  at  once,  and  makes  50  trips  per  hour,  we  have  for 
the  depth  of  230  meters  an  average  useful  effort  of  175  H.  P.  If 
we  allow  the  hoisting  engine  a  steam  consumption  for  the  average 
useful  horse  power  hour  to  be  45  kilogrammes,  the  exhaust  is  then 
7,875  kilogrammes.  If  we  assume  20  per  cent  of  condensation  in 
pipes  and  cylinders,  the  quantity  of  steam  flowing  through  the  tur- 
bine will  be  6,300  kilogrammes  per  hour.  Under  the  conditions, 
with  a  poor  vacuum  the  low  pressure  turbo-generator  will  give  an 
output  of  330  electrical  horse  power,  and  with  a  very  good  vacuum, 
450  horse  power.  This  shows  that  the  utilization  of  the  exhaust 
steam  gives  a  great  deal  more  power  than  from  the  primary  hoist- 
ing engine. 

Mr.  Pearce — How  long  does  the  steam  turbine  continue  to 
operate  after  the  primary  engine  has  stopped .' 
\  Mr.  Battu— Tht  stoppage  of  the  Bruay  turbine,  if  I  remember 
correctly,  is  about  one  minute.  The  steam  accumulator  is  calcu- 
lated in  such  a  manner  that  the  live  steam  is  not  to  be  applied  for 
before  that  time.  Nothing  would  be  easier,  as  you  can  see  by  the 
calculation  of  the  steam  accumulator,  of  having  stoppages  of  two 
or  three  minutes. 

Mr.  Benient — I  would  ask  two  questions  of  the  author ; 

First — Assuming  two  turbines  discharging  to  good  vacuum — 
one  receiving  steam  at  atmospheric  pressure  and  the  other  at  i  50 
pounds — what  would  be  the  comparative  heat  efficiency,  taking  for 
granted  that  each  machine  was  designed  for  its  respective  service  t 
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Second — What  would  be  the  comparative  size  of  two  such  tur- 
bines to  give  the  same  horse  power  output  ? 

Mr.  Battii — I  am  glad  that  Mr.  Bement's  interesting  questions 
give  me  an  opportunity  to  present  here  Dr.  A.  Rateau's  definition 
and  theory  of  the  efficiency  of  steam  turbines. 

Replying  to  Mr.  Bement's  first  question,  I  will  say  that  it  is 
essential  that  the  word  efficiency  should  be  clearly  defined,  in  order 
to  avoid  any  misconception.  Mr.  Rateau  uses  the  expression 
"  theoretical  consumption  of  the  perfect  machine "  to  denote  the 
maximum  work  which  the  steam  is  capable  of  yielding  when  start- 
ing from  the  saturated  or  superheated  condition  in  which  this  steam 
is  delivered  to  the  engine,  and  expanding  adiabatically  with  no  loss 
of  admission  pressure  P  to  exhaust  pressure  /.  By  comparing  the 
actual  consumption  of  steam,  as  measured  during  the  tests  of  the 
machine,  with  this  theoretical  consumption  of  the  perfect  machine 
for  identical  conditions  of  pressure,  and  similar  states  of  the  steam, 
the  net  efficiency  of  the  machine  is  obtained.  After  special  study 
of  the  question,  Dr.  Rateau  has  been  able  to  draw  a  curve  of  theo- 
retical consumption,  and  to  derive  from  it  the  following  empirical 
formula  for  use  when  the  steam  is  saturated  and  dry  at  admission  : 

log  P  -  log  p 

This  formula  gives  the  consumption  K  in  kilogrammes  per  horse 
power  hour  of  75  kilogramme  metres  as  a  function  of  the  absolute 
pressure  P  and  /  expressed  in  kilogrammes  per  square  centimeter. 

In  British  measures  this  formula  becomes : 

,    16.20  —  2.05  log  P 
•^  ^       log  P  -  log  p 

K  in  pounds  per  horse  power  hour,  P  and  p  in  pounds  per  square 
inch.  The  diagram  in  this  paper  is  actually  well  known,  having  been 
published  by  Dr.  Rateau  in  his  report  on  steam  turbines  to  the  Paris 
International  Congress  of  1900.  This  diagram  will  readily  afford 
interesting  information,  particularly  if  it  be  necessary  to  estimate 
the  consumption  of  steam  with  a  given  machine  to  obtain  a  certain 
useful  effect.  In  that  case,  the  theoretical  consumption  per  horse 
power  hour  given  by  the  diagram  should  be  compared  to  the  exact 
consumption  of  steam  actually  observed  with  the  machine,  and,  of 
course,  referring  to  the  particular  number  of  electrical  horse  power 
developed  by  the  dynamo  driven.  The  relation  between  these  two 
figures  of  consumption  gives  the  combined  efficiency  of  the  group, 
and  therefore  takes  account  of  all  the  losses  of  the  steam  engine 
and  of  the  driven  mechanism.  This  combined  efficiency  is  merely 
the  product  of  the  efficiency  of  this  prime  mover  multiplied  by  the 
efficiency  of  the  machine  driven.    If  the  steam  admitted  to  the  tur- 
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bines  is  superheated,  then,  of  course,  in  estimating-  the  theoretical 
consumption,  the  extra  calorific  energy  corresponding  to  the  super- 
heat must  be  taken  into  account ;  but  for  the  exact  estimation  of 
this  extra  energy  we  have  not  as  yet  adequate  precise  knowledge 
of  the  specific  heat  of  the  vapor  of  water.  At  the  present  time, 
we  have  merely  the  figure  obtained  by  Regnault  after  very  cursory 
experiments  (0.48),  a  figure  which  i3  merely  a  rough  approximation. 

Dr.  Rateau  has  suggested  that  from  his  experiments  he  will  be 
able  to  prove  that  the  true  specific  heat  of  steam  is  not  constant, 
as  has  been  usually  supposed  up  to  the  present.  It  varies  inversely 
as  the  amount  of  superheat,  and  is  probably  approximately  unity 
for  very  small  values  of  superheat,  and  approaches  0.40  for  large 
amounts  of  superheat. 

The  efficiency  of  a  turbine  may  be  calculated  a  priori  when  a  pre- 
liminary study  has  been  made  of  the  practical  coefficients  which 
must  be  introduced  into  the  theoretical  formula.  Dr.  Rateau  calcu- 
lates this  efficiency  with  a  remarkable  degree  of  accuracy  by  divid- 
ing the  losses  of  the  machine  under  two  headings — ist,  the  internal 
losses  which  are  produced  by  friction  and  eddying  of  the  steam 
in  the  fixed  and  moving  vanes;  2d,  the  external  losses  which 
correspond  to  the  leakages  of  steam  in  the  play  between  the  fixed 
and  moving  parts;  and  to  the  friction  of  the  wheels  upon  the  steam 
and  to  the  friction  of  the  bearings.  The  first  kind  of  losses  give 
rise  to  the  "internal  efficiency,"  which  may  therefore  be  called  the 
"hydraulic  efficiency,"  by  adopting  the  use  of  the  term  employed 
for  hydraulic  turbines.  This  internal  efficiency  depends  upon  the 
more  or  less  perfect  form  of  the  vanes,  and  also  to  the  relation  be- 
tween the  peripheral  speed  of  the  moving  vanes,  and  the  speed  of 
flow  of  the  steam.  It  is  possible  to  draw  a  curve  showing  the  effi- 
ciency as  a  function  of  the  peripheral  velocity,  and  therefore  it  is 
easy  to  at  once  assign  the  degree  of  efficiency  which  a  given  tur- 
bine will  realize. 

Once  having  fixed  the  internal  efficiency,  then,  in  order  to  obtain 
the  net  efficiency,  we  must  deduct  the  losses  by  leakage  as  well  as 
the  losses  by  friction  of  the  wheels  upon  the  steam,  and  also  those 
in  the  bearings.  Let  us  take,  as  illustration,  a  Rateau  turbine  of 
1,500-brakehorse  power  upon  the  shaft  with  a  speed  of  1,500  revo- 
lutions per  minute.  By  means  of  practical  coefficients  found  by 
experience,  internal  efficiency  can  be  calculated  and  can  rise  to  69 
per  cent ;  on  the  other  hand,  the  losses  by  leakage  and  friction  in 
the  bearings  absorb  1.5  per  cent  of  the  normal  power,  and  the  losses 
due  to  friction  of  the  wheels  upon  the  steam  amount  to  2.5  per  cent 
at  most,  making  a  total  of  internal  losses  of  4  per  cent.  The  net 
efficiency  upon  the  shaft  at  the  speed  stated  will  then  be  of  0.69  x 
0.96  ^=  0.66.     From  this  value  of  efficiency  it  is  easy  to  calculate 
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the  consumption  of  steam  per  horse  power  hour  which  would  be 
required  by  the  turbine  under  conditions  of  pressure  and  of  super- 
heat of  the  steam  already  determined.  All  calculations  for  designs 
of  turbines  that  Dr.  Rateau  has  made  by  this  means  have  always 
proved  correct  within  i  to  2  per  cent,  in  actual  practice. 

Mr.  Bement  can,  with  the  exposed  method,  calculate  easily  the 
efficiency  of  the  turbines  at  atmospheric  and  at  i  50  pounds  pressure. 

Ex-kau^     PreJturt,,     kg    p&r    em,' 
oce  0 1  0  2  0.)       e<k     OS    o.t   a?  u at  <  is        2 


as      114     i*2 

E:x,h.aAA.»t     Pressure       Lbs    per  sq     l/i 

Fig.    9. 


In  reply  to  Mr.  Bement's  second  question: 

The  dimensions  of  the  turbine  do  not  at  all  increase  proportion- 
ally to  the  volume  of  steam  to  be  utilized.  The  increase  of  the 
distributors  is  only  to  be  calculated,  and  in  such  a  manner  that  the 
total  flow  of  steam  can  pass  through  them  with  a  suitable  velocity. 

Mr.  VV.J.  Wariicr'—l^  not  one  of  the  great  advantages  of  steam 
turbine  in  operating  under  low  pressure  to  have  efficiencies  greater 
than  from  reciprocating  engines  under  the  same  conditions.^ 

Mr.  Battu — The  great  size  of  a  reciprocating  engine,  working 
under  such  conditions,  of  steam  at  atmospheric  pressure,  to  the 
vacuum  of  the  condenser,  with  the  importance  of  condensation  in 
those  large  cylinders,  and  the  throttling  of  steam,  would  give  for 
the  use  of  the  steam  a  very  poor  efficiency ;  in  fact,  I  do  not  think 
it  would  be  practicable,  commercially  speaking. 


50()  J^isi  ussiou--('tilizatiou  of  Exhitust  S/eam. 

A/r.  Peaire  I  would  like  to  ask  Mr.  Battu  if  my  impression  is 
correct,  that  the  principal  application  of  this  system  is  in  connec- 
tion with  engines  utilizing  steam  intermitently  ? 

Mr.  Jiattii—\ts,\  rolling  mills,  hoisting  engines,  etc. 

Mr.  Pearcc — The  object  is  to  utilize  the  otherwise  wasted  heat 
from  the  primary  engine  doing  intermittent  work,  is  it  not } 

Mr.  JuU/N     Yts. 

A  visitor-' \  wish  to  ask  how  you  make  use  of  high  pressure 
steam  when  the  low  pressure  steam  has  given  out .''  Do  you  use 
it  on  the  same  turbine  or  an  auxiliary  one  } 

Mr.  Battii — Two  distinct  turbines  are  employed — a  high  pressure 
turbine  and  a  low  pressure  turbine ;  the  low  pressure  turbine  work- 
ing exclusively  with  steam  at  a  suitable  pressure,  and  the  high 
pressure  turbine  working  at  a  given  pressure.  The  exhaust  of  the 
high  pressure  turbine  can  be  directed  into  the  low  pressure  turbine 
or  sent  direct  to  the  condenser.  Both  turbines  work  on  the  same 
shaft. 

Mr.H.  R.  Wclhnann — You  spoke  of  shutting  down  i  )^  minutes. 
How  many  minutes  maximum  can  you  allow  with  the  Rateau 
system } 

Mr.  Battu — After  a  period  of  say,  for  illustration,  three  minutes, 
there  is  no  need  of  increasing  the  size  of  the  accumulator  to  obtain 
the  steam  needed  by  the  turbine.  It  is  far  better  to  employ  the 
live  steam  that  the  safety  valve  of  the  boilers  would  let  out,  the 
main  engine  calling  for  no  steam. 

Mr.  Smoot — How  long  a  period  would  it  be  possible  to  use  the 
accumulator  in  a  commercial  installation .? 

Mr.  Battu — I  think  that  generally  it  would  not  be  useful  to  go 
over  five  minutes.-  Why  should  you  not  employ  live  steam  }  If 
your  main  engine  stopped  for  five  minutes,  the  steam  generated  in 
the  boilers  gets  away  unemployed  by  the  safety  valve. 

Mr.  Snioot — About  two  minutes  is  normal,  is  it  not .-' 

Mr.  Battu — I  think  in  rolling  mills  we  have  had  to  calculate  on 
one  to  two  minutes. 

Mr.  Cochrafie — I  understand  that  in  the  Bruay  case  the  primary 
engine  was  about  200  H.  P.,  and  that  the  turbine  was  about  300 
H.  P.     What  was  the  size  of  the  boilers  used .? 

Mr.  Battu — The  set  of  boilers  employed  at  Bruay  give  steam  to 
a  series  of  hoisting  engines,  fan  engines,  etc.;  but  I  do  not  know 
why  we  should  mention  the  power  of  said  boilers,  because  we  have 
nothing  to  do  with  them  and  their  work.  What  we  are  after  is  to 
employ  the  steam  exhausted  from  the  engines.  These  main  en- 
gines are  perfectly  independent  of  the  Rateau  system,  and  I  will 
state  here  that  one  of  the  greatest  advantages  of  this  system  is  the 
non-interference  with  the  main  enjrines. 
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Mr.  Hinc — Have  the  plants  that  have  already  been  installed 
shown  any  great  results  in  saving  ? 

Mr.  Battii — I  like  to  refer  to  the  Bruay  mines,  because  there  the 
first  application  of  this  process  was  used,  and  because  the  plant  has 
been  running  for  nearly  two  and  a  half  years.  An  entire  plant  of 
200  electrical  horse  power  of  boilers,  reciprocating  engine,  and 
direct  current  generator,  has  been  replaced  by  the  Rateau  steam 
accumulator.  This  new  plant,  burning  no  coal,  having  a  minimum 
of  attendance,  minimum  of  repairs,  and  of  lubrication  that  is  nearly 
negligible,  has  taken  the  place  of  the  first  plant  that  was  shut  down. 
It  gives  the  current  needed  for  the  lighting  of  all  the  mines,  and, 
further,  gives  the  power  used  in  driving  two  electrical  fans.  As 
you  can  see,  the  value  of  the  economy  at  the  Bruay  mines  can  be 
easily  figured:  The  cost  of  a  ton  of  coal  being  about  $2.00,  the 
saving  is  in  the  tons  of  coal  needed  to  produce  the  steam  for  a  300 
electrical  horse  power  plant,  multiplied  by  $2.00,  the  value  of  the 
coal.  May  I  mention  that  the  steam  accumulator  needs  no  attend- 
ance, which  certainly  is  not  the  case  with  a  boiler.  In  this  Bruay 
case,  the  weight  of  steam  wasted  is  not  very  great.  I  have  pro- 
posed an  installation  in  this  country  where  a  slabbing  mill  and  the 
auxiliaries  exhausts  into  the  atmosphere  about  50,000  pounds  of 
steam  per  hour.  In  my  proposition  I  offer  to  put  up  a  turbo- 
alternator  of  1,600  electrical  horse  power  at  the  terminals,  the 
alternator  having  50  cycles,  2  poles,  2,200  volts,  at  1,500  revolu- 
tions per  minute.  The  vacuum  which  I  propose,  and  which  has 
been  guaranteed  to  me  by  an  American  constructor,  is  of  28  inches, 
and  the  auxiliaries  will  certainly  not  use  over  2  per  cent  of  the 
power  generated.  I  think  that  a  proposition  of  this  sort  speaks  for 
itself. 

Mr.  Tratvian — It  seems  to  me  that  the  important  feature  of  the 
S3  stem  described  by  Mr.  Battu  is,  that  it  provides  for  utilizing 
steam  that  ordinarily  goes  to  waste.  The  steam  is  already  gener- 
ated, and  every  pound  of  steam  generated  represents  an  actual  ex- 
penditure for  fuel;  but  in  the  class  of  engines  referred  to,  a  large 
proportion  of  the  steam  is  thrown  away  before  it  has  done  enough 
work  to  pay  for  itself.  The  conditions  are  such  that  it  has  been 
difficult  to  prevent  this  within  reasonable  limits  of  cost.  But  by 
the  use  of  this  turbine  apparatus,  the  steam,  after  leaving  the  main 
engine,  is  caught  and  made  to  do  a  considerable  amount  of  auxiliary 
work  instead  of  being  thrown  away.  It  is  simply  a  question  of 
economical  utilization  of  energy  that  is  going  to  waste,  with  a 
resultant  economy  in  operation. 

Mr.  Alvord — As  I  understand  it,  in  a  reciprocating  engine  whose 
work  was  constant  you  would  not  claim  any  aid  by  using  the  tur- 
bine in  connection  with  the  steam  accumulator.?     In  other  words, 
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what  has  been  claimed  is  the  regulation  and  utilization  of  intermit- 
tent or  fluctuating  exhaust  ? 

Mr.  Battit  -\'es ;  if  the  flow  of  steam  is  steady,  then  you  do  not 
need  to  put  in  a  steam  accumulator  to  regulate  it ;  the  process  is 
simply  a  method  of  employing  an  intermittent  exhaust  and  trans- 
forming it  into  a  constant  flow,  or  constant  enough  to  be  regulated 
by  the  governor  of  the  turbine. 

Mr.  Alvord  1  think  some  of  us,  in  looking  at  the  title  of  the 
paper,  did  not  get  that  idea  clearly  in  our  minds :  that  the  inter- 
mittency  of  the  primary  engine  was  the  real  feature  through  which 
this  plant  effected  a  saving. 

Mr.  B.  W.  Thiirtell — What  does  it  cost  to  operate  the  auxilia- 
ries .-■ 

Mr.  Battit — Operating  the  auxiliaries  maintaining  the  vacuum  is 
essentially  dependent  on  each  particular  case.  The  power  generally 
used  in  normal  conditions  to  maintain  a  good  vacuum  is  that  of 
ordinary  condensation  practice.  The  only  thing  tha  tis  desirable  to 
obtain  high  efficiency  is  to  have  a  high  vacuum  ;  no  special  effort 
has  to  be  made,  and  many  of  the  Rateau  turbines  are  working  on 
vacuums  of  26  inches,  the  condenser  being  a  simple  ejecto-condenser. 
Once  more,  no  special  type  of  condenser  is  required  with  the 
process.  The  work  is  done  by  expanding  steam  from  about  atmos- 
pheric pressure  to  the  vacuum  of  the  condenser.  Certainly,  it  is  a 
great  deal  better  to  hav^e  a  good  vacuum,  and  a  good  vacuum 
obtained  in  normal  conditions  is  always  economical  in  connection 
with  steam  turbines. 

Mr.  TJuirtell — Why  is  a  high  vacuum  better.? 

Mr.  BattH — I  will  refer  the  gentleman  to  my  answer  to  someone 
preceding  him  on  this  subject. 

Mr.  Warder — The  power  we  get  out  of  a  turbine  is  the  differ- 
ence of  potential  between  the  pressure  of  the  atmosphere,  say  1 5 
pounds  absolute,  and  of  the  steam  at  the  condenser  back  pressure, 
say  of  I  to  2  pounds.  If  we  can  increase  the  vacuum  to  28  inches 
we  are  increasing  the  utilizable  power,  but  we  are  increasing  the  ini- 
tial cost  and  the  cost  of  running  the  condenser.  The  relative  cost 
of  the  power  to  be  used,  compared  with  the  economical  power,  is 
something  very  hard  to  figure  out. 

Mr.  TJinrtell — The  difference  of  potential  between  the  turbine 
and  the  vacuum  is  not  due  to  the  pressure  at  all.  It  is  due  to  the 
velocity  of  the  steam  flowing  into  the  vacuum,  and  the  reason  that 
the  engine  runs  after  the  intermittent  steam  is  shut  down  is  due  to 
the  fall  of  pressure  on  the  other  side. 

I  will  say  in  this  connection  that  I  have  just  gone  through  a  series 
of  tests  in  connection  with  a  plant  where  they  told  me  they  were 
getting  something  for  nothing.     They  did  not  do  it,  however,  for 
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the  cost  of  the  plant  and  the  operation  of  it,  and  the  interest  on  the 
investment,  made  it  a  dead  loss  to  operate  it.  If  you  can  use  ex- 
haust steam  at  low  pressure  you  have  a  high  vacuum,  otherwise  you 
cannot  get  anything  out  of  it.  I  want  to  know  what  the  plant 
costs — whether  it  pays  interest  on  the  investment  or  not. 

M)'.  Battii — The  gentleman  states  that  the  difference  of  poten- 
tial between  the  turbine  and  the  vacuum  is  not  due  to  the  pressure 
at  all,  and  that  it  is  only  due  to  the  velocity  of  the  steam  flowing 
into  the  vacuum.  The  velocity  is  dependent  on  the  pressure,  so  I 
do  not  understand  very  well  why  the  pressure  has  nothing  to  do 
with  it. 

As  to  obtaining  something  for  nothing,  may  I  tell  the  gentleman 
that  we  are  very  far  from  obtaining  something  for  nothing  in  the 
system  that  has  been  presented.  There  is  no  fear  that  the  efficien- 
cies shown  this  evening  are  over  the  theoretical  power  obtainable 
in  the  steam  after  working  in  succession  in  both  engines.  Not 
knowing  what  plant  has  been  mentioned,  I  cannot  say,  and  would 
not  care  to  say,  what  I  think  about  it ;  but  I  see  a  parallel  between  the 
system  I  have  presented  and  a  supposed  good-for-nothing  plant,  so 
I  would  like  to  express  regret  in  not  having  been  well  understood 
and  perhaps  not  believed  by  the  gentleman.  The  economies  I 
spoke  about  are  enormously  valuable  if  the  figures  I  have  shown  are 
exact.  I  would  suggest  that  the  gentleman  consult  the  various 
books  written  and  papers  read  by  eminent  engineers,  such  as  Mr, 
Hubert,  Professor  at  Liege,  Belgium,  and  Prof.  Josse  or  Berlin,  and 
to  refer  also  to  the  test  made  by  American  engineers  on  the  Bruay 
plant,  and  better  still,  to  the  book  that  has  been  published  by  the 
engineer  in  charge  of  the  plant  of  the  Bruay  mines. 

Mr.  Thurtcll — How  large  are  the  turbines.^ 

Mr.  Battu — I  understand  that  Mr.  Thurtell  wishes  to  know  what 
the  difference  in  size  is  between  two  turbines  of  the  same  power 
employing  different  pressures  of  steam.  The  size  of  a  turbine  is 
far  from  increasing  proportionally  to  the  volume  of  steam  that  goes 
through  it.  The  sections  of  the  distributors  have  to  be  calculated 
and  are  wider  with  low  pressures  than  with  high  pressures. 

As  to  the  obligation  of  having  high  or  low  vacuum,  I  beg  the 
gentleman  to  be  kind  enough  to  refer  to  the  table  inserted  in  my 
paper. 

This  system  has  been  investigated  by  the  most  distinguished 
mechanical  engineers  in  America,  and  their  conclusions  have  been 
such  as  to  highly  favor  the  Rateau  system  in  some  of  their  plants. 
No  experiments  are  to  be  made  actually.  I  had  the  honor  of  pre- 
senting to-night  an  actual  industrial  success.  I  certainly  would  not 
bring  before  this  society  the  results  of  doubtful  experiments. 
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Mr.  Tlinrlcll  An  engine  that  consumes  loo  pounds  of  steam 
per  horse  power  is  not  economical. 

Mr.  Battti — I  am  not  taking  into  consideration  the  efficiency  of 
the  prime  mover.  What  I  desire  to  employ  is  the  exhaust  of  the 
engine. 

As  to  the  consumption  of  loo  pounds  of  steam  per  horse  power 
of  actual  work  done  by  a  rolling-mill  engine,  non-condensing,  the 
gentleman  can  inform  himself  and  come  easily  to  the  conclusion 
that  an  average  of  loo  pounds  of  steam  per  horse  power  is  not 
uncommon. 

Mr.  Pcarce  —Does  the  efficiencies  mentioned  take  into  consider- 
ation the  condensation  in  the  piping  and  cylinder } 

Mr.  Battii — No;  when  I  say  that  with  31.7  pounds  of  steam  we 
obtain  in  said  conditions  one  horse  power  electric  at  the  terminals, 
I  mean  that  the  turbine  must  receive  those  31.7  pounds. 

Mr.  Pcarce — In  other  words,  you  gain  the  work  done  by  the 
secondary  engine } 

Mr.  Battu — Yes. 

Mr.  Watkins — What  does  it  cost  per  horse  power  to  install  the 
accumulators } 

Mr.  Battu — This  question  tempts  me  to  take  up  the  commercial 
part  of  the  subject,  but  I  will  resist  the  temptation,  because  the 
Western  Society  of  Engineers  desires  only  the  scientific  presenta- 
tion of  the  subject,  and  I  am  certainly  not  appearing  before  this 
society  for  the  purpose  of  taking  up  the  matter  from  a  commercial 
standpoint.  The  commercial  proposition  is  the  most  brilliant  part 
of  this  invention.  The  price  of  turbo-generators,  condensers  and 
steam  accumulators  can  be  easily  calculated.  My  reply  would  be, 
then,  on  the  amount  of  royalty  the  inventor  would  ask.  May  my 
silence  be  excused  on  this  matter.  It  is  easy  to  see  that  the  steam 
accumulator  is  less  expensive  than  boilers  of  the  same  output,  and 
turbo-generators  are  less  expensive  than  generators  and  reciprocat- 
ing engines.  A  special  combination  on  which  we  have  contracted 
in  Germany  may  enlighten  you  on  the  value  of  the  economy  ob- 
tained by  the  Rateau  system.  A  steel  works  has  asked  for  an 
application  for  utilizing  the  exhaust  of  a  rolling  mill.  We  have 
agreed  to  put  in  all  the  apparatus,  steam  accumulator,  turbo-alter- 
nator and  condenser,  and  to  sell  the  kilowatt  hour  at  a  price  that 
will  often  be  less  than  the  actual  cost  of  production  with  boilers 
and  generators.  After  selling  the  electric  power  for  eighteen 
months  we  agree  to  be  satisfied,  and  we  claim  to  be  paid  back  for 
all  the  installation  and  royalties.  In  fact,  we  can  say  that  this 
special  installation  pays  for  itself  in  eighteen  months,  after  which 
the  steel  works  mentioned  -have  the  entire  installation  and  the 
benefit  for  nothing. 
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Mr.  Thurtcll — Does  it  not  require  an  immense  turbine  to  utilize 
steam  in  that  way  ? 

Mr.  Batln — No,  not  at  all;  the  engines  are  remarkably  small. 
As  I  have  already  said,  the  size  of  the  turbine  is  not  proportional 
to  the  quantity  of  steam  employed.  The  size  of  the  distributors  is 
enlarged  and  suitably  fitted. 

Mr.  Thiirtell — Would  it  not  be  just  as  well  to  take  a  lot  of  "nig- 
ger heads,"  or  boulders,  and  put  them  in  the  accumulator  to  absorb 
the  heat  from  the  exhaust  steam  of  the  primary  or  high  pressure 
engine } 

Mr.  Battii — Yes,  any  scrap  metal  can  be  employed  ;  but  you 
must  not  lose  view  of  the  fact  that  the  surface  in  contact  with  the 
steam  ought  to  be  as  great  as  possible,  on  account  of  rapid  exchange 
of  temperatures. 

Mr.  Pcarce — Suppose  that  a  compound  or  triple  expansion  en- 
gine is  employed,  using  25  pounds  of  steam,  perhaps  (I  do  not  think 
that  is  at  all  uncommon).  In  a  case  of  that  kind,  what  would  be 
the  value  of  the  system  you  suggest } 

Mr.  BatUi — The  value  of  the  primary  engine  is  quite  independent 
of  the  steam  accumulator.  If  you  have  a  very  perfect  primary 
motor,  it  is  all  right ;  the  exhaust  can  be  regularized  and  employed 
by  a  steam  accumulator.  I  do  not  know  of  non-condensing  hoist- 
ing engines  that  use  only  20  pounds  of  steam  per  useful  horse 
power. 

Mr.  Pcarce- — I  am  speaking  of  compound  or  triple  expansion 
engines. 

Mr.  Cattu — I  am  speaking  of  any  engine  running  with  great  and 
incessant  variations  in  load. 

Mr.  Pcarce — Suppose  you  have  100  pounds  of  steam.  Would 
you  utilize  80  per  cent  in  your  turbine .' 

-]/;.  Cattu — It  all  depends  on  the  condensation  in  the  cylinders 
and  in  the  piping.  In  other  words,  20  per  cent  of  condensation  is 
an  hypothesis,  and  I  think  it  very  generous. 

Mr.  Hinc — Without  reference  to  what  the  economy  of  your  en- 
gines is — whether  20  pounds  or  80  pounds — if  there  is,  for  example, 
50,000  pounds  of  steam  going  to  waste,  the  Rateau  system  will  em- 
ploy 80  per  cent  of  it,  if  the  condensation  in  the  pipes  is  20  per 
cent.  Is  that  it  1 
Mr.  Cattu — Yes. 

Mr.  Thicker — Would  not  a  steam  accumulator  interposed  be- 
tween a  central  condenser  and   the  engines  exhausting  intermit- 
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tently  j^ive   a   very  satisfactory  result   in   the   \va)-  of  obtaining  a 
steady  vacuum  ? 

Air.  Battii  Yes.  As  I  have  stated,  this  application  has  already 
been  employed  successfully,  but,  as  shown  in  this  paper,  the  advan- 
tage of  employing  the  remaining  power  of  the  steam  in  a  turbine 
before  condensing  is  far  more  advantageous  than  the  direct  con- 
densing of  intermittent  running  engines. 

Mr.  Almcrt — In  the  case  of  a  central  station  lighting  plant,  where 
engines  run  24  hours  per  day  and  where  the  engines  are  fairly  con- 
stant, this  system  has  no  place,  as  I  understand  it. 

Mr.  Battti — No.  The  steam  economy  of  continuous  running  en- 
gines of  this  class,  when  properly  condensing,  has  very  nearly 
reached  the  ma.ximum  of  utilization  of  steam  that  can  be  expected. 
I  do  not  see  how  you  can  think  of  employing  a  system  that  has  for 
its  object  to  regularize  a  flow  of  steam  when  that  flow  of  steam  is 
already  constant. 

Mr.  W.  H.  Pcarcc  (by  letter) — Some  of  the  questions  that  have 
been  asked  are  at  least  very  plain,  others  have  seemed  to  carry  with 
them  the  inference  that  an  impossibility  existed  of  accomplishing  the 
results  which  the  author  of  the  paper  has  placed  before  us.  It  seems 
to  me  that  these  questions  should  not  be  asked  unless  a  sufficient 
foundation  for  them  exists.  Personally,  I  am  very  much  interested 
in  the  utilization  of  exhaust  steam  for  any  purpose.  I  am  not 
familar  with  the  details  of  the  apparatus  as  presented  to  us  this 
evening,  but  upon  the  face  of  the  evidence  presented,  I  think  we 
should  congratulate  the  author  upon  his  success,  as  his  proposition 
has  met  with  no  substantial  contradiction,  and  I  fully  believe  the 
results  that  he  states  can  be  and  are  accomplished. 

One  of  the  gentlemen  present  has  asked  if  this  system  has  been 
placed  in  operation  in  this  country.  This  would  seem  to  infer  a 
doubt  as  to  the  possibilities,  as  though  the  questioner  would  not  be- 
lieve the  statements  made  unless  he  saw  the  apparatus  in  operation 
himself.  This  is  a  position  that  many  engineers  take  on  questions 
that  are  new.  I  maintain,  however,  that  it  is  entirely  wrong.  Never 
would  any  improvements  be  accomplished  if  success  must  depend 
on  the  thing  being  done  before  it  could  be  believed.  Engineers 
should  judge  of  the  feasibility  of  a  proposition  from  the  engineering 
facts  presented  to  them.  As  the  proposition  presented  by  the  au- 
thor of  the  paper  under  discussion  seems  to  me  as  being  perfectly 
feasible,  and  that  offers  a  substantial  means  of  utilizing  a  large  por- 
tion of  the  heat  of  the  coal  that  has  heretofore  been  wasted  in  the 
exhaust  from  steam  engines,  I  wish  to  congratulate  him  on  so 
sound  a  proposition. 


CONTEMPORARY  TECHNICAL  EDUCATION.* 

John  R.  Freeman,  V.-P.  Am.  Soc.  Mech.  Eng. 

Mr.  President — ^As  delegate  on  behalf  of  our  Engineering  Socie- 
ties, I  must  explain  that  these  are  also  Schools  of  Applied  Science. 
They  are  the  more  attractive  to  students  since  they  hold  no  exam- 
inations; all  studies  are  elective  and  voluntary;  one  recites  only 
when  he  feels  like  it;  and  the  social  element  is  pre-eminent. 

Into  this  university  of  the  Engineering  Societies,  we  hope  to  re- 
ceive all  of  your  graduates  and  to  retain  them  as  fellow-students 
and  warm  friends  for  all  of  their  lives. 

APPRECIATION  OF  THE  TECHNICAL  SCHOOL. 

.  In  speaking  on  behalf  of  the  engineering  profession,  my  first 
words  must  acknowledge  our  great  debt  to  the  technical  school  and 
that  debt  is  increasing  from  year  to  year.  Our  members  are  com- 
ing to  be  recruited  in  an  ever-increasing  proportion  from  the  tech- 
nical graduates. '" 

From  the  researches  conducted  in  your  laboratories,  we  obtain 
much  of  our  most  valuable  engineering  data. 

Our  best  books  of  reference  for  the  practicing  engineer  are  nearly 
all  prepared  by  the  professors  in  these  technical  schools.  '^' 

The  strongest  foundation  for  a  country's  future  industrial  and 
commercial  welfare  is  to  be  found  in  Schools  of  Applied  Science, 
well  equipped,  guided  by  men  of  broad  mental  horizon.  This  is 
scantily  appreciated  as  yet  by  the  mass  of  strenuous  Americans, 
but  it  has  long  been  clearly  seen  by  the  Germans,  and  is  beginning 
to  be  seen  by  the  English. ' '' 

The  cost  of  duplicating  the  land,  buildings,  equipment  and  en- 
dowment of  the  largest  and  most  complete  technical  school  in  the 
United  States  is  little  more  than  half  the  cost  of  one  of  the  latest 
battleships,  and  the  running  expenses  of  the  largest  technical 
school  per  year  are  about  the  same  as  those  of  a  battleship.  *^'  The 
technical  school  has  a  use  no  less  important  than  the  battleship  in 
the  "first  line  of  national  defense."  The  time  has  already  come 
when  the  commonwealth  and  the  nation  should  contribute  more 
liberally  to  the  burden  of  its  support  and  help  it  to  ever  broader 

*An  address  at  Cleveland,  O.,  May  11,  1901,  at  the  "Case  School  of  Applied 
Science"  at  the  inauguration  of  President  Chas.  S.  How.  See  Journal,  June, 
1903,  Vol.   ix,  p.  3.S9. 
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usefulness.  With  the  increasing  numbers  of  students  and  with 
the  rapidly  increasing  cost  of  laboratory  facilities  needed  for  the  best 
training,  the  need  of  funds  is  greater  than  private  munificence  can 
be  relied  upon  to  meet.  The  demonstration  of  their  great  value  to 
the  prosperity  of  the  state  is  already  complete."'* 

In  the  reawakening  of  the  old  spirit  of  commercial  adventure  in 
foreign  lands,  we  must  to-day  base  our  hope  of  success  on  superior 
excellence  and  economy  of  manufacture  and  in  the  calling  of  our 
engineers  to  foreign  lands. 

The  growth  of  our  cities  is  laying  a  burden  of  new  and  larger 
problems  on  our  departments  of  public  works,  a  burden  which  only 
those  trained  in  the  Schools  of  Applied  Science  can  carry  wisely 
and  well. 

The  business  man,  when  he  comes  to  see  these  matters  clearly, 
will  urge  again  and  again  a  generous  support  to  Schools  of  Applied 
Science  by  city,  state  and  nation  when  private  munificence  falls  short. 

These  schools  need,  as  managers,  the  strongest  men  that  can  be 
found,  the  men  of  broadest  horizon,  the  men  that  arouse  the  noble 
ambitions  of  young  men  toward  advancing  the  state  of  an  art  and 
that  can  impart  the  spirit  of  joy  in  work. 

APPRF.CIATION   OF  THE  TECIIXICA  I.   CKADUATE. 

For  twenty-five  years  I  have  been  observing  the  increasing  re- 
spect paid  by  our  industrial  leaders  to  the  training  gained  in  the 
technical  school.  The  technical  graduate  himself  has  come  to  bet- 
ter understand  his  own  limitations,  and  his  need  of  a  course  out- 
side, under  instruction  from  the  foreman  and  the  mechanic.  The 
man  of  business  is  coming  to  understand  that  there  are  "firsts," 
"seconds"  and  "thirds"  produced,  that  some  excel  in  judgment  and 
some  in  skill,  and  that  it  is  not  the  mere  fact  of  being  a  technical 
graduate  that  brings  success,  but  that  given  inborn  executive  ability, 
the  training  of  college  or  technical  school  gives  to  its  graduate  a 
tremenduous  advantage  over  the  man  of  equal  native  force  who  has 
not  this  training. 

Twenty-eight  years  ago  the  finding  of  openings  by  my  own  fel- 
low graduates  was  difficult  and  slow — not  a  third  of  our  men  found 
openings  of  fair  promise  within  the  first  six  months;  the  average 
"captain  of  industry"  did  not  then  know  just  what  a  technical  grad- 
uate was,  or  what  he  was  good  for. 

We  then  listened  to  prophecies  that  the  annual  output  of  engi- 
neering graduates  would  soon  overstock  the  market.  To-day,  not- 
withstanding that,  during  the  past  quarter  of  a  century,  technical 
schools  have  multiplied  on  every  side  and  that  classes  in  many  of 
the  older  ones  have  increased  fourfold,  the  output  is  quickly  ab- 
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sorbed.  The  department  head  in  one  of  our  largest  technical 
schools  has  applications  from  managers  of  important  works  for 
double  the  number  of  his  graduates,  and  it  is  said  that  certain  large 
and  progressive  concerns  send  an  agent  around  the  schools  in  Jan- 
uary to  select  from  the  brightest  of  those  who  are  to  graduate  in 
J  une. 

The  mere  register  of  the  occupation  of  the  graduates  from  any 
leading  School  of  Applied  Science  is  a  most  eloquent  commentary 
on  the  commanding  influence  of  these  schools. 

Twenty-five  years  ago,  among  managers  of  works,  I  heard  much 
about  the  good  practical  man  and  his  superiority  to  the  theoretical 
college  graduate;  to-day  it  is  coming  to  be  generally  recognized 
that  the  good  practical  man  is  the  one  who  has  graduated  from  a 
technical  school  and  who  has  then  been  seasoned  by  a  few  years  of 
experience  in  bumping  against  corners  of  construction,  and  the 
technical  graduate   of  proved  business  ability  is  in  special  demand. 

The  Technical  School,  the  School  of  Mechanic  Arts,  and  the  Me- 
chanics' Correspondence  School,  each  has  its  special  and  distinct 
value  in  our  industrial  life.  We  should  make  the  technical  school 
attractive  to  the  brightest  minds,  and  should  look  to  it  for  our  in- 
dustrial and  commercial  leaders  and  for  the  best  custodians  of  the 
public  health,  of  our  water  supplies  and  other  public  works. 

In  order  to  get  the  most  out  of  the  existing  technical  schools, 
let  us  keep  in  mind  the  limitations  within  which  they  can  do  their 
most  efificient  work,  and  the  fact  that  not  every  kind  of  work  will 
be  best  done  by  a  technical  graduate.  The  students  found  without 
promise  of  final  success  should  in  all  kindness  be  allowed  to  depart 
and  not  hold  back  the  best. 

Doubtless  a  man  may  give  lines  and  grades  as  well,  may  drive  an 
engine  or  detail  steel  work  better,  if  his  four  years  of  early  man- 
hood have  been  spent  gaining  this  dexterity  and  skill  outside  the 
technical  school.  The  late  Col.  T.  J.  Borden,  a  sympathetic,  thought- 
ful man  of  40  years'  experience  as  manager  of  large  industrial 
works,  and  himself  a  technical  graduate,  told  me  that  for  many 
years  he  had  been  observing  that  a  faithful,  uneducated  laborer 
would  in  general  keep  a  more  correct  tally  sheet  of  the  unloading 
of  a  cargo  than  the  bright  high-school  graduate  whose  thoughts 
were  flying  off  to  other  things;  that  a  large  factory  engine  would 
be  run  with  better  attention  and  fewer  breakdowns  by  a  graduated 
stoker  or  oiler  than  by  an  expert  machinist,  who  was  liable  to  be 
scheming  out  improvements  and  to  have  his  mind  busy  with  some- 
thing other  than  the  mere  operation  of  this  machine;  that  often  the 
best  routine  work  was  done  by  a  man  who  was  not  capable  of  any- 
thing very  much  better. 
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The  young  man  who  is  to  follow  a  narrow  routine  through  hfe 
will  not  have  added  much  to  his  efficiency,  as  a  machinist,  by  the 
long  elaborate  course  of  the  technical  school.  For  those  constitu- 
tionally deficient  in  ambition,  or  for  those  unfortunates  who  can 
never  comprehend  the  art  of  getting  on  in  the  world,  these  four 
extra  years  are  ill  spent  at  school,  but  there  are  plenty  of  young 
men  for  whom  this  training  of  the  technical  school  is  the  best  possi- 
ble training,  and  there  is  plenty  of  opportunity  for  a  larger  number 
of  these  men  than  all  of  our  present  schools  can  graduate. 

Men  cannot  be  shaped  on  the  interchangeable  system  of  the 
American  machine  shop,  each  will  be  a  "special,"  and,  as  already 
remarked,  there  will  be  produced  "firsts,"  "seconds,"  and  "thirds," 
but  fortunately  the  demand  for  all  types  and  grades  exceeds  the 
possible  supply  for  years  to  come. 

Among  the  graduates  some  will  possess  that  rare  faculty  for 
which  "initiative"  is  the  phrase  of  the  day,  and  among  these  there 
will  be  some  who  will  possess  that  quality  of  balance  and  judgment, 
and  attain  such  knowledge  of  men,  that  they  will  become  great 
leaders,  the  captains,  will  establish  their  own  industrial  works  or  be 
called  to  the  $10,000  positions  which  are  always  so  hard  to  fill 
right,  Others,  without  this  business  insight,  but  perhaps  more 
learned  and  more  skillful  in  engineering,  will  design  machines  and 
bridges,  supervise  factories,  become  the  lieutenants  and  fill  the 
$4,000  and  $2,000  positions,  and  still  a  larger  number  will  do  noble 
work  as  the  sergeants,  corporals  and  privates  and  be  made  better 
men  by  the  broadening  of  their  minds. 

The  training  of  no  school  can  make  the  square  peg  fit  easy  in  the 
round  hole,  and,  out  of  a  hundred  boys,  but  few  are  born  with  the 
ear  of  a  musician  or  the  eye  of  an  artist,  or  with  the  observing,  in- 
quiring, ingenious,  imaginative  mind,  which  schools  can  stimulate 
but  cannot  create,  and  without  which  conspicuous  success  in  con- 
structive engineering  is  impossible.  But  for  the  young  man  so  fit- 
ted by  nature,  a  technical  school  of  broad  scope  and  high  aim  is  a' 
royal  road. 

A    ROYAL    ROAD. 

The  old  statement  that  "There  is  no  royal  road  to  learning"  is 
untrue.  The  man  of  affairs  has  come  to  understand  that  the  tech- 
nical school  is  a  royal  road  to  lear?ii?i!^,  a  shorter  road,  an  easier 
road,  through  a  more  beautiful  landscape,  and  in  equal  time  attain- 
ing a  broader  outlook. 

A  man  with  the  earnestness  and  patience  of  John  Brashier,  the 
strong  purpose  of  John  C.  Hoadley,  the  rugged  common  sense  of 
Edwin  Reynolds,  the  strong,  kindly  heart  and  quick  intelligence  of 
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John  Fritz,  or  the  genius  of  Edison,  may  reach  an  equal  height  by 
a  longer  and  more  arduous  road,  and,  like  the  athlete,  increase  his 
strength  and  harden  his  endurance  in  the  greater  effort,  but  the 
royal  road  of  the  technical  school,  in  its  four  years,  may,  from  its 
small  group,  gathered  part  by  chance  and  part  by  process  of  natural 
selection  from  more  than  ten  thousand  school  boys,  bring  perhaps 
ten  to  the  point  that  otherwise  not  more  than  one  or  two  or  three 
could  hope  to  reach  in  twice  these  four  years. 

The  technical  school  is  not  exclusiv'ely  for  the  brilliant  man.  Much 
of  the  world's  best  work  is  done  by  the  man  of  slow-moving  intel- 
lect, to  whom  the  good  Lord  has  given  the  greater  treasure  of  per- 
sistence, of  steadfastness,  with  enough  of  imagination  to  feel  what 
is  concealed  within  the  cloud  on  yonder  difficult  and  distant  hill. 

There  is  danger  in  relying  upon  lectures  and  reading  for  teach- 
ing, and  upon  written  examinations  for  measuring  up  a  student  and 
his  fitness  to  continue  on  his  four  years'  course.  One  of  the  great- 
est advantages  of  the  technical  school  is  found  in  its  laboratory 
method,  for  the  reason  that  the  personal,  individual  contact  with 
the  student  daily  in  the  laboratory  gives  an  opportunity  for  helping 
the  one  who  is  slow  to  develop  himself. 

I  have  had  perhaps  twenty  graduates  tell  me  in  familiar  talk  that 
the  most  helpful  man  to  them  of  all  the  "Technology"  professors 
was  the  lamented  Holman.  Why.^  First,  because  he  was  intellect- 
ually great  and  a  noble  man,  and  second,  because  he  took  pains  to 
get  acquainted  with  them  and  their  individual  needs  /;/  the  labora- 
tory. The  ablest  professors  should  be  brought  into  earliest  possible 
contact  with  the  freshmen  in  the  laboratory. 

THE    OPPORTUXITV    FOR    THE    TECHXICAL    GRADUATE. 

For  a  few  moments  past  we  have  been  considering  the  broader 
appreciation,  by  men  of  affairs,  for  the  work  of  the  technical 
school ;  let  us  for  a  moment  review  the  causes  of  its  great  oppor- 
tunity. 

That  the  manufacture  of  power  was  the  mainspring  of  the 
onward  movement  of  the  nineteenth  century  was  made  plain, 
perhaps  more  lucidly  than  ever  before,  by  that  great  engineer, 
whose  recent  loss  we  mourn,  George  S.  Morison,  in  his  Phi  Beta 
Kappa  address  at  Harvard  in  1895. 

In  the  skillful  application  of  manufactured  power  lies  the  great 
opportunity  of  the  engineer. 

The  distribution  and  use  of  manufactured  power  are  increasing 
by  leaps  and  bounds  in  a  way  that  few  of  us  can  see  in  perspec- 
tive. 


C)\2  J-'reemiin—Conltrnpoyary  7't'i/tiiinil  F.t/mtition. 

It  moves  a  thousand  cotton  spindles  guided  by  a  sinj^le  hand; 
with  the  power  of  a  thousand  horses,  it"''  draws  your  twentieth  cen- 
tury express;  large  cotton  factories  in  Montreal  are  driven  by  a 
waterfall  nearly  a  hundred  miles  away;  the  power  of  Niagara  rends 
the  strongest  chemical  affinities.  The  chariot,  as  made  in  Cleve- 
land, is  horseless,  but  it  is  propelled  by  the  power  of  twenty-four 
horses,  all  generated  in  a  little  space  and  derived  from  a  harnessed 
explosion.  In  another  part  of  your  city,  the  most  delicate  and 
accurate  engraving  that  the  skill  of  the  world  has  known,  an 
astronomer's  circle  with  markings  correct  within  less  than  a  second 
of  arc,  may  go  on  in  solitude  as  a  result  of  a  laborer  shoveling  coal 
under  a  steam  boiler.  Today  there  is  far  more  steam  power  used 
in  Lowell  than  water  power,  and  in  your  city  of  Cleveland  the 
power  manufactured  from  coal  far  exceeds  that  of  the  greatest 
single  development  of  water  power  in  the  world  '•*,  Niagara  not 
excepted.  The  General  Electric  Company  had  on  its  books  on 
January  31,  1904,  undelivered  orders  for  steam  turbines  of  an 
aggregate  power  of  350,000  horse  power,  an  amount  three  times 
as  great  as  the  present  total  generation  of  power  from  Niagara  and 
nearly  half  as  great  as  the  total  water  and  steam  power  combined 
in  the  six  New  England  states  found  in  the  census  of  1880. 

With  the  aid  of  unlimited  power  work  is  performed  in  a  larger 
way  and  with  greater  rush,  and  with  this  comes  the  greater  need 
of  executive  ability,  of  captains  and  corporals  of  systematic,  observ- 
ing habit,  equipped  with  the  tools  and  training  of  the  technical 
school. 

This  is  a  transition  period,  and  never  was  there  such  opportunity 
for  the  trained  engineer.  Mechanical  production  must  supply  the 
natural  increase  due  to  the  growth  in  population,  and  replace  ma- 
chines worn  out  by  service,  and  even  new  machines  by  something 
newer.  Here  in  Cleveland  your  horse  cars  were  not  worn  out 
when  the  cable  car  replaced  them,  your  cable  railways  were  not 
worn  out  when  the  electric  car  came  in.  Not  only  the  equipment, 
but  the  shop  that  makes  it,  must  largely  go  into  scrap. 

Two  or  three  years  ago  one  of  the  leading  engine  builders  of  the 
world  began  on  new  shops  in  a  city  on  the  Great  Lakes,  the  largest 
of  their  kind,  designed  for  building  engines  of  the  most  massive  type. 
Hundreds  of  thousands  of  dollars  were  expended  on  these  shops 
and  their  heavy  machine  tools,  but  before  these  shops  were  occu- 
pied, customers  were  inquiring,  not  for  engines  but  for  steam  tur- 
bines. 

The  leading  pump  builder  of  America  began  two  years  ago  on 
new  shops  near  New  York,  these  also  to  be  the  largest  in  the 
world  ;   the  plans  had  been  matured  by  years  of  study  for  building 
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pumping  engines  of  the  ordinary  reciprocating  type.  Before  these 
shops  are  ready  for  occupancy  the  old  and  simple  and  inefficient 
type  of  centrifugal  pump  is  suddenly  so  improved  as  to  threaten  a 
revolution  which  may  profoundly  change  the  type  of  shop  equip- 
ment demanded. 

A  maker  of  valves  and  fittings,  a  concern  which  has  kept  steadily 
up-to-date  for  more  than  a  quarter  of  a  century,  started,  about  two 
years  ago,  to  supply  its  expanding  trade  by  a  factory  on  the  shores 
of  Long  Island  Sound,  designed  to  employ  at  first  2,000  and  later 
4,000  men.     The  plans  were  matured  with  rare  care  and  judgment. 

First,  their  man  of  greatest  skill  in  shop  methods  plans  for  his 
various  machines  and  lays  out  his  floor  space.  Next,  the  skilled 
mill  engineer  makes  plans  to  house  that  floor  space  in.  Next,  an 
architect,  of  national  reputation  for  his  inborn  sense  of  beautiful 
form  and  graceful  line,  models  the  outlines  of  exterior  wall  and 
windows  and  roof.  Machine  tools  of  latest  design  had  been  pur- 
chased, apparently  everything  had  been  provided  for,  when,  just  as 
the  roofs  are  on,  the  successful  demonstration  of  a  new  kind  of  tool 
steel,  which  permits  of  far  deeper  and  more  rapid  cuts,  calls  a  halt 
and  requires  a  radical  change. 

All  this  is  recent  and  the  end  is  not  in  sight.  Seventy-five  years 
ago,  when  Cleveland  was  a  frontier  village,  within  the  memory  of  a 
few  men  now  living,  the  dry  dock  in  the  Boston  navy  yard  was  the 
most  monumental  piece  of  engineering  construction  and  the  great- 
est single  work  of  internal  improvement  yet  completed  within  the 
United  States,  and  the  total  of  manufactured  power  in  the  United 
States  did  not  equal  the  output  of  one  large  power  station  of  to-day. 

It  is  only  forty  years  since  the  first  distinctive  School  of  Applied 
Science,  or  Institute  of  Techology  in  this  country  began,  after  years 
of  patient  explanation  and  pleading  by  that  lovable,  eloquent,  pro- 
phetic, noble  man  of  science,  William  Barton  Rogers,  and  how  pro- 
foundly it  has  influenced  the  whole  course  of  higher  education. 

Although  the  lines  of  work  formerly  recognized  as  engineering 
may  be  crowded,  there  are,  on  every  side,  unworked  fields  in  which 
the  trained  engineer,  possessing  business  ability,  be  he  builder,  sani- 
tarian, chemist,  mechanic,  or  electrician,  can  introduce  system,  dis- 
cover causes,  lessen  cost  and  improve  the  product  and  find  for  him- 
self a  competency  and  joy  in  work. 

A  PLEA  FOR  BREADTH  OF  CUL'J'URI':  I  .\  1  HE  SCHOOL. 

The  other  speakers  to-day  are  presidents  of  colleges,  educators 
of  wide  experience  and  national  reputation,  and  it  savors  of  rash- 
ness for  me,  in  their  presence,  to  venture  opinions  upon  the  aims 
and  methods  of  a  technical  school,  but  during  my  twenty-five  years 
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of  taking  on  sexeral  technical  gratluates  in  almost  every  year,  and  try- 
ing, through  them,  to  keep  in  touch  with  the  schools,  I  have  so  often 
found  what  has  seemed  to  me  a  misapprehension  among  students, 
friends  and  patrons  of  technical  schools,  that,  to  an  audience  of 
friends  and  patrons,  a  few  words  from  the  standpoint  of  a  business 
man  and  practicing  engineer,  may  have  some  interest. 

Why  do  we  not  find  the  greatest  prizes  of  the  industrial  works 
and  of  civic  administration  going  more  often  to  the  technical  grad- 
uate? The  commercial  department  pays  a  better  salary  than  the 
engineering  department.  We  have  all  seen  plenty  of  examples  to 
prove  that  technical  training  is  of  itself  an  aid  rather  than  a  bar  to 
commercial  success. 

Have  our  men  got  too  narrow  a  training  in  the  technical  school.-' 

Within  the  past  week  I  have  chanced  to  hear  two  heads  of  con- 
cerns, employing  many  scientific  men,  say  in  substance  that  the  old 
academic  education  fits  better  for  the  position  where  one  deals  with 
men,  or  for  the  Si 0,000  position,  while  the  technical  school  fits  bet- 
ter for  the  position  that  deals  with  materials,  or  for  the  $4,000  posi- 
tion, and  I  note  that  sons  of  my  old  classmates  are  being  sent  first 
to  Harvard  or  Vale  or  Dartmouth  for  four  years  and  then  to 
"Technology"  for  a  tzvo  year's  course  in  science. 

Six  years  time,  from  18  to  24,  is  more  than  the  average  young 
man  can  afford  to  spend  at  school.  It  brings  him  into  the  works 
too  late.  When  we  more  fully  appreciate  that  education,  rather 
than  information,  is  the  true  aim  of  the  technical  school,  then  a 
broad  education  and  sufficient  information  can  both  be  given  in  a 
four  years'  course. 

Can  we  not  give  a  better  education  to  the  great  majority  of  our 
students  and  plant  in  them  thirst  for  information,  by  doing  fewer 
things  more  profoundly  and  putting  more  emphasis  "on  the  personal 
element? 

Is  not  one  great  captain  of  science  or  industry,  like  Pasteur,  Kel- 
vin, Ericsson,  Bessemer,  Westinghouse,  Brush,  Mills  or  Alex. 
Brown  and  a  hundred  others,  worth  more  to  his  country  and  his 
neighborhood  than  a  room-full  of  the  very  necessary  and  useful 
sergeants  and  corporals  of  science  and  industry? 

Cannot  our  school  do  the  most  good  and  best  serve  all,  and  best 
stimulate  the  ambition  of  all,  by  trying  to  fit  men  for  the  position 
of  captain;  and  if  the  man,  skilled  in  the  application  of  science,  has 
also  executive  skill  and  such  knowledge  of  men  that  he  can  nego- 
tiate, convince  and  arouse  men,  will  he  not  have  a  wider  opportunity 
to  do  good  and  to  advance  the  state  of  the  art  and  the  public  wel- 
fare; and  shall  we  not,  by  addressing  our  teaching  to  the  highest 
grade,  thus  produce  more  of  the  $10,000  men  and  at  the  same 
time  better  $4,000  men? 


Jl 
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In  separating  students  into  many  courses,  is  there  not  danger  of 
splitting  things  too  fine?  Have  the  schools  not  already  gone  too 
far  in  specializing  for  the  undergraduate? 

It  is  a  matter  of  slight  importance  to  the  builder  of  machines  or 
of  water  works  whether  he  takes  the  course  in  mechanical  engineer- 
ing, civil  engineering,  or  general  physics,  if  he  is  fortunate  in  his 
teacher. 

The  chief  function  of  the  technical  school  is  not  the  filling  of  a 
man's  memory  with  formulas  and  with  knowledge  of  how  everything 
is  made,  but  rather  is  the  training  in  methods  of  thoughtful  re- 
search, of  teaching  how  to  put  the  question  and  where  to  find  the 
answer,  of  how  to  set  traps  for  our  own  unconscious  errors,  how  to 
save  time  by  understanding  just  what  degree  of  precision  is  necessary 
to  the  case  in  hand,  how  to  measure  with  certainty  the  limits  of  the 
ever-present  error,  and  above  all  to  develop  and  strengthen  a  warm, 
enthusiastic,  undeviating  love  for  the  truth. 

In  my  own  college  days,  I  did  not  have  it  made  plain,  and  I  failed 
to  grasp  the  fact,  that  perhaps  the  greatest  opportunity  of  college 
life  is  that  of  coming  to  better  know  one's  fellow-men,  and  it  is  in 
failure  to  appreciate  this  more  than  in  any  other  one  feature,  that 
the  professional  school  has  failed  in  comparison  with  the  older  col- 
leges. In  the  protest  against  the  old  education,  exemplified  in  the 
early  development  of  the  Massachusetts  Institute  of  Technology 
and  other  similar  schools,  the  pendulum  swung  beyond  the  centre, ' 
and  the  value  of  the  social  idea  was  not  for  a  time  appreciated.  To 
many  of  us  there  was  lost  the  inspiration  and  broadening,  the  deeper 
understanding  of  humanity  that  may  come  from  entering  into  the 
daily  life  of  the  ancient  civilizations  enough  to  understand  that  hu- 
man nature  is  much  the  same  through  3,000  years.  We  missed 
that  focussing  and  sharpening  of  the  wits  which  comes  from  taking 
time  for  the  discussion  of  current  events  with  our  fellows. 

We  had  a  professor  who  wisely  read  to  his  class  those  verses  on 
The  Deacon's  Masterpiece,  "that  was  built  in  such  a  logical  vvay," 
as  typifying  the  ideal  machine.  McAndrews'  hymn  may  teach  a 
deeper  lesson.  The  man  should  be  led  to  find  inspiration  in  his 
machinery,  while  in  the  technical  school. 

A  few  weeks  ago,  in  Chicago,  I  sat  beside  a  classmate,  a  former 
"grind,"  now  a  successful  man  of  business,  at  a  gathering  of  the 
graduates  of  one  of  our  largest  technical  schools.  Said  he,  "We 
were  brought  up  wrong  in  being  taught  to  spend  so  much  time  on 
our  studies ;  we  practiced  a  false  economy  in  being  too  thrifty  in 
our  early  years."  We  were  too  late  in  learning  that  opportunity, 
sustaining  power  and  a  stimulus  toward  success,  came  more  from 
a  wise  good-fellowship  than  from  a  high   scholarship,  and  that  the 
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art  of  being  what  in  your  terseWestern  phrase  is  called  a  "good  mixer" 
was  an  art  well  worth  time,  money  and  paternal  advice  to  cultivate. 
It  is  by  giving  the  technical  graduate  a  wise  start  in  this  direction 
that  he  will  ultimately  come  more  often  into  the  larger  opportunity 
and  the  higher  salary  of  the  commercial  end. 

This  social  feature  is,  in  the  final  analysis,  the  chief  value  of  the 
engineering  societies.  Although  papers  are  presented  in  which 
one  engineer  so  presents  his  experience  that  a  hundred  others  may 
find  each  his  own  course  more  clear  in  attacking  a  similar  problem, 
although  one  may  hear  presented  in  an  evening  hour  the  results  of 
experiments  and  research  that  have  cost  a  year  of  toil,  all  so  summed 
up  in  a  few  lines  of  formulas  or  constants  that  a  repetition  of  this 
labor  and  expense  is  saved  to  all  who  follow,  and  although  the 
master  mind  may  publish  in  the  transaction  a  study  upon  difficult 
and  disputed  points  that  will  lighten  labor  or  save  mistakes  to 
many  of  his  fellows,  yet,  after  all,  the  preeminent  usefulness  of  the 
Society  of  Engineers  is  in  the  bringing  of  men  into  personal  rela- 
tion, inspiring  the  young  man  by  personal  contact  with  the  man 
who  has  done  things,  giving  the  older  men  a  chance  to  size  up  the 
growing  young  men;  and,  among  equals,  it  removes  the  bitterness 
to  personally  know  our  successful  competitor  and  to  know  that  he 
is  a  good,  honest  man. 

If  it  be  asked  what  suggestions  can  be  offered  to  his  friend,  the 
teacher,  by  a  practicing  engineer,  who  has  for  twenty-five  years  en- 
joyed taking  "green  graduates"  and  trying  to  help  them  on  their 
post-graduate  course,  I  venture  the  following: 

Dwell  on  the  principles  of  research,  fill  the  student  mind  with  a 
comprehension  that  the  school  is  not  so  much  for  filling  his  mem- 
ory with  information  as  for  teaching  the  scientific  method. 

Give  more  attention  to  the  principles  of  writing  reports  in  clear, 
exact  and  vigorous  English,  to  measuring  the  exact  meaning  into 
every  sentence.  Teach  what  may  be  called  "Commercial  rhetoric," 
bringing  the  result  quickly  into  the  view  of  the  busy  man  and  seek- 
ing to  so  arouse  his  interest  in  the  opening  paragraphs  that  he  will 
continue  reading  instead  of  laying  it  aside  for  the  leisure  hours 
that  may  never  come. 

Emphasize  the  need,  in  the  practical  world,  of  "getting  there" 
on  time. 

Recognize  that  a  judicious  "cramming  for  examination"  is  legiti- 
mate, and  that  how  to  do  it  with  the  least  internal  friction  is  a  most 
worthy  subject  of  instruction.  In  closing  business  contracts  and 
in  expert  work,  it  is  a  much  practiced  and  most  useful  art. 

Direct  attention  to  the  conditions  necessary  for  obtaining  a  maxi- 
mum output  from  the  human  machine.     How  seldom  a  man  gives 


Freeman — Contemporary  Tcchnkal  Education.  517 

to  his  own  body  the  same  care  he  would  give  to  that  of  a  $i,ooo 
horse?  Long  hours  under  stress  in  emergency  are  easy  if  the  man 
knows  how  to  avoid  fatigue  through  variety,  and  has  the  will  power 
to  practice  what  he  knows. 

Probably  there  is  no  better  way  to  save  time  and  cultivate  judg- 
ment than  by  practice  in  quick  estimates  between  limits.  What 
does  that  stone  weigh.''  Not  more  than  6  tons,  not  less  than  4. 
What  will  that  casting  cost.?  Not  less  than  $50,  not  more  than 
$100.  If  the  owner  asks  the  cost  of  repairing  the  tangled  smash- 
up  of  ten  minutes  ago,  the  young  engineer  can  give  him  almost  in- 
stantly an  estimate  that  may  serve  his  purpose,  and  be  correct,  if 
he  states  it  between  limits,  as,  "not  more  than  $10,000,  and  not 
less  than  $1,000."  Twenty-four  hours  later  he  maybe  able  to  state 
it  as  not  more  than  55,000  and  not  less  than  $4,000. 

Urge  upon  your  colleagues  the  fact  that  they  owe  it  to  their  fel- 
low-citizens and  to  the  loyal  intelligent  public  that  supports  the 
school,  to  promptly  and  continually  translate  the  story  of  the  latest 
discovery  of  obstruse  science  down  to  the  understanding  of  the 
well-educated  non-technical  man. 

Stimulate  the  interest  of  the  students  by  continually  bringing 
before  them  the  results  of  the  latest  research  and  of  what  is  being 
found  out  in  other  departments  of  the  school. 

Recognize  the  fact  that  these  four  years  of  time,  with  their  at- 
tendant expense,  are  too  valuable  to  be  devoted  to  the  attainment 
of  mere  manual  dexterity.  This  can  be  more  cheaply  learned  in 
the  field  or  workshop  than  in  the  school.  Do  not  shrink  from 
turning  out  graduates  who  will  be  strong  on  theory,  while  perhaps 
weak  on  practice.  They  can  get  their  practice  outside  after  grad- 
uation, and  perhaps  under  the  quickening  influence  of  some  short- 
lived ridicule  by  the  routine  workman.  The  sound  foundation  of 
mathematics,  the  facility  in  handling  and  transforming  difficult  equa- 
tions, the  mental  grasp  of  difficult  considerations,  so  as  to  state 
them  in  the  language  of  mathematics  and  quantity,  must  be  ac- 
quired in  the  Technical  School  or  the  chances  are  they  will  never 
be  acquired. 

Finally,  to  the  many  students  here,  I  can  bring  back  no  better 
word  from  out  of  the  years  since  I  left  similar  pleasant  places,  than 
to  remind  you  how  largely  the  success  of  a  school  depends  on  at- 
mosphere and  that  every  man  has  a  share  in  forming  public  opinion; 
and  to  urge  you  to  fill  the  student  atmosphere  with  the  fraternal 
spirit  and  with  ideality — ideality!  with  the  love  of  thoroughness  and 
with  reverence  for  character. 
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NOTES. 

(1).  Out  of  the  latest  1,000  candidates  for  admission  to  the  American  Society 
of  Civil  Enj^ineers  in  the  three  grades,  member,  associate  member  and  junior, 
about  75  per  cent  have  graduated  from  a  techinal  school;  in  the  American  Society 
of  Mechanical  Engineers  this  proportion  is  (iO  per  cent;  in  the  Electrical  Engi- 
neers, 44  per  per  cent;  in  each  society  the  proportion  is  largest  among  the  junior 
members. 

(2).  Out  of  a  catalogue  of  55  technical  books  brought  out  by  a  leading  Ameri- 
can publisher  of  engineering  books  during  the  past  year,  75  per  cent  of  the  whole 
were  by  professors,  mainly  in  technical  schools. 

(3).  See  presidential  address  of  Sir  Norman  Lockyer,  president  of  the  British 
Association  for  the  Advancement  of  Science,  in  September  last,  entitled  "The 
Influence  of  Brain  Power  in  History,"  devoted  to  urging  the  British  nation  to 
come  to  the  support  of  its  technical  schools. 

(4).  COST    OF    .^    BATTLESHIP. 

The  approximate  cost  of  the  hull  of  a  first-class  battleship  is $3,250,000 

The  engines,  machinery  and  engineering  stores  cost  about 1,300,000 

For  the  largest  ships  the  cost  of  armor  is  about    1,750,000 

Of  armament  about 1,050,000 

The  supplies  and  general  equipment  about 100,000 

Total  cost  of  a  first-class  battleship  about $7,450,000 

For  a  ship  of  the  Vermont  class  of  16,000  tons  displacement,  with  the 
latest  armament  and  including  designs  and  superintendence,  the 
total  cost  may  approximate $8,000,000 

The  cost  of  maintaining  such  a  ship  in  commission  will  be  nearly  50 
per  cent  more  than  for  the  three  ships  as  stated  below,  which  are  of 
12,000  tons. 

The  report  of  the  Secretary  of  the  Navy  shows  that  the  cost  of  main- 
taining the  three  battleships,  Alabama,  Kearsarge  and  Wisconsin, 
in  commission  for  the  year  ending  June  30,  1902,  averaged $    441,248 

Current  repairs 30,914 

Total $    472, 162 

The  foregoing  includes  pay  of  officers,  crew  and  marines,  and  cost  of 
stores,  including  coal,  but  includes  no  allowance  for  depreciation. 
If  depreciation  be  figured  at  the  moderate  rate  of  5  per  cent  annu- 
ally, having  regard  to  wear,  and  to  improvements  rendering  much 
obsolete,  this  adds  nearly  per  year 400,000 

$    872,162 

COST    OF    A    TECHNICAL    SCHOOL. 

Several  of  the  leading  schools  of  applied  science  are  parts  of  great  universi- 
ties in  which  the  accounts  or  different  departments  are  so  merged  that  it  is  difficult 
to  separate  the  cost  of  plant  and  running  expenses  required  for  the  technical 
courses. 

The  Massachusetts  Institute  of  Technology  is  perhaps  the  most  convenient 
example  for  present  purposes,  because  of  being  almost  exclusively  a  technical 
school.  Its  present  site  is  on  land  of  exceptionally  high  value  for  business  pur- 
poses because  of  surrounding  de\elopraents;  therefore  I  will  not  include  the  full 
sum  for  which  this  land  could  probably  be  sold. 
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It  is  estimated  that  a  suitable  sight  could  be  procured  for $    250,000 

The  estimated  cost  of  replacing  present  buildings  at  present  price  is  . .  1,044,000 
The  total  value  of  apparatus  and  furnishings,  as  estimated  for  insur- 
ance purposes  is 386, 000 

Approximate  cost  of  duplicating  plant    1,080,000 

The  endowment  or  stock,   bonds  and  real  estate  producing  direct  in- 
come is  about 1,150,000 

Total $2,830,000 

The  number  of  students  is  1528. 

The  annual  expenditure  last  year  in  round  numbers  was  as  follows: 

Salaries $    320,000 

Fuel     25,000 

Water,  gas  and  electricity 7,600 

Repairs      16,000 

Printing  lecture  notes,  catalogues,  etc    14,000 

Laboratory  supplies  and  libraries 50,000 

General  supplies  and  maintenance 30,000 

Miscellaneous 13,000 

Total $    475,000 

This  amounts  to  an  actual  expenditure  of  about  per  student  (including 
special  students,  some  of  whom  take  few  studies  and  pay  less  than 

full  fee) $  311 

Reckoning  the  interest  at  4  per  cent  and   depreciation  on  whole  plant, 

buildings  and  furnishings  at  5  per  cent  per  annum,  this  adds  about  91 

Making  the  total  yearly  cost  per  student,   of  which   he  pays  a   tuition 

of  $250 $  402 

(5).  The  generous  support  given  by  Michigan,  Wisconsin  and  California  to 
their  great  state  universities,  which  are  coming  to  be  in  large  proportion  schools  of 
applied  science,  may  indicate  a  better  appreciation  of  this  service  to  the  state  than 
is  yet  found  in  the  legislatures  of  our  eastern  commonwealths,  or  than  is  yet  dis- 
seminated through  the  mass  of  their  intelligent  citizens. 
In  1903  Michigan  paid  from  the  state  treasury  for  the  support  of  the 

state  university $559,835.03 

Wisconsin  paid 293,583.00 

The  University  of  California  has  an  income  for  current  expenses  for 
1904-5  (of  which  sum  nearly  one-third  is  appropriated  for  depart- 
ments in  which  engineering  students  predominate)  of 659,808.96 

(6).  A  locomotive  engine  of  the  type  used  in  drawing  the  Twentieth  Century 
over  the  New  York  Central  portion  of  the  route  has,  under  test,  shown  a  continu- 
ous development  of  upward  of  1200  horse  power  at  speeds  of  from  40  to  57  miles 
per  hour. 

From  a  large  type  of  locomotive,  recently  put  in  service  on  the  New  York 
Central  &  Hudson  River  Railroad,  an  indicated  horse  power  of  approximately 
2,000  has  been  obtained. 

On  the  Lake  Shore  road,  indicator  cards,  taken  from  fast  passenger  trains  at 
one  minute  intervals  for  an  entire  trip  where  the  speed  over  an  entire  division 
averaged  about  the  same  as  for  the  Twentieth  Century  express,  namely  54  miles 
an  hour,  showed  an  average  of  1,000  horse  power  for  the  entire  division.  For 
dsstances  of  5  to  10  miles,  powers  as  high  as  1,500  to  1,600  horse  power  has  been 
obtained. 
(7).   The  amount   of  water  power   now  in  use  daily  by  the  works 

located  at  Niagara  is  not  far  from 75,000  H.  P. 

In  addition  to  this,  there  are  now  generated  at  Niagara,  and  trans- 
mitted to  Buffalo  and  other  points,  not  far  from 25,000     " 

The  aggregate  capacity  of   the  generators  installed  up   to  date  at 

Niagara  is  about    ....  130,000     " 
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On   the  American   side  an  additional  capacity  is  being  provided  of 

perhaps M.OOO 

And  on  the  Canadian  side  the  contracts  have  been  let  for  machines 

capable  of  generating  about 80,000 

In  the  city  of  Cleveland  an  approximate  estimate,  reasonably  made 
up  by  Mr.  Ambrose  Swasey  and  Mr.  Scoville,  vice-president  of 
the  Cleveland  Electric  Illuminating  Company,  puts  it  (for  the 
total  of  the  large  electric  power  and  electric  railroad  plants)  at.     50,000 

At    the   73   large  factories  in  Cleveland  they    estimate  the    power 

used  as S.l.OOO 

In  small  factories,  lumber  yards,  office  buildings,  etc.,  probably 25,000 

Total 520,000 


SOME  NOTES  ON  THE  EDISON  NICKEL-IRON  STORAGE  BATTERY. 

Bv  F.  M.  Davis,  M.  W.  S.  E. 
Presented  before  the  Electrical  Section  Oct.   i^,   igo^. 

Being  one  of  the  newer  members  of  the  society,  the  speaker  was 
somewhat  surprised  at  being  assigned  to  a  paper  for  this,  the  open- 
ing Fall  meeting  of  the  Electrical  Section.  However,  it  is  a  pleas- 
ure to  address  you  on  a  subject  that  should  appeal  to  the  interest 
of  all  persons  connected  with  the  electrical  profession,  especially 
those  interested  in  portable  battery  traction  work  or  having  to  do 
with  small  isolated  storage  battery  equipments,  in  which  latter  case, 
expert  attendance  is  often  too  much  neglected  when  trouble  arises. 
Such  considerations  as  these  have  led  to  the  development  of  a  new 
type  of  storage  battery. 

The  new  Edison  storage  cell,  having  only  recently  been  placed 
on  the  market,  has  been  subject  to  some  question  concerning  the 
remarkable  claims  made  for  it  by  its  manufacturers.  Hence,  cer- 
tain tests  were  made,  the  object  of  which  was  to  determine  these 
claims  and  moreover  to  manipulate  the  cell  under  various  conditions 
sufficient  to  furnish  data  for  a  thorough  working  knowledge  of  the 
behavior  of  this  cell  in  practical  operation. 

The  chief  points  to  demand  attention  are  durability  and  stability, 
ampere  hour  and  watt  efficiencies,  charging  and  discharge  rates, 
internal  resistance,  voltage,  maintenance,  etc.,  as  indicated  under 
the  several  topic  headings  that  follow. 

The  Edison  storage  cells  now  on  the  market  are  classified  under 
three  sizes,  as  shown  in  the  following  table : 

TABLE    OF     EDISON    CELLS    AS    LISTED. 


Type  of  Cell. 

E-18 

E-27 

E-4S 

Capacity  in  ampere  hours 

105  to  115 

1-23 

30 

40 

13 

$10.00 

160  to  175 

1.23 

45 
65 

3K 

$15.00 

260-280 

Average  discharge  voltage  per  cell 

1.23 

Rates  of  discharge  in  amperes 

Satisfactory  rates  of  charging  in  amperes. .  . . 
Suitable  times  of  charging  in  hours 

75 
100 

3K 

Weights  in  pounds  per  cell,  complete 

Price 

28 

$25.00 

The  cell  used  for  this  test  was  an  E-18,  the  smallest  size.  It  is 
assumed  that  the  general  characteristics  of  this  cell  hold  true  for 
all  Edison  cells  of  this  general  type,  including  all  sizes.  The  me- 
chanical construction  of  the  cell  is  indicated  in  the  following  general 
description : 
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This  cell  consists  of  a  steel  case  containinf,^  the  plates  and  elec- 
trolyte. The  protecting  case  or  retaining  jar  consists  of  a  thin, 
slightly  corrugated  and  thoroughly  nickel-plated  steel  envelope  of 
rectangular  shape. 

The  element  of  this  cell  consists  of  twelve  positive  plates  con- 
taining o.xide  of  nickel  associated  with  six  negative  plates  contain- 
ing o.xide  of  iron.  These  plates  are  made  up  of  steel  frames  or 
grids,  in  which  are  fastened  a  large  number  of  small  pockets  con- 
taining the  granular  metallic  oxide. 

The  pockets  for  retaining  the  oxide  are  of  very  thin  steel,  per- 
forated with  fine  narrow  slits  for  enabling  the  electrolyte  to  gain 
free  access  to  the  oxide  during  all  processes  of  electrical  activity. 
These  pockets  are  so  designed  that  when  placed  in  the  steel  frames 
and  subjected  to  pressure,  the  edge  becomes  crimped  or  locked  into 
the  frame  of  the  plate,  thus  insuring  permanent  and  rigid  con- 
struction. 

Nickel  oxide  is  used  for  the  positive  plates  and  iron  oxide  for  the 
negative  plates.  These  oxides  are  prepared  in  a  finely  divided 
state  by  special  processes  devised  for  this  purpose.  It  is  claimed 
that  they  are  absolutely  insoluble  in  the  electrolyte,  and  retain  their 
granular  state  sufificiently  to  prevent  their  passage  through  the 
pores  in  the  pocket  walls,  as  would  occur  if  they  underv/ent  disin- 
tegration. This  claim  is  shown  to  be  well  founded,  by  the  fact  that 
the  cell  lost  no  appreciable  capacity  in  the  first  seventeen  charges 
conducted  upon  it,  and  by  the  absence  of  any  appreciable  amount 
of  sediment  in  the  electrolyte  after  the  test  was  completed.  These 
oxides  are  of  a  very  similar  appearance  in  texture  and  color,  but 
their  chemical  afifinities  and  equivalent  weights  are  different ;  hence, 
the  adaptability  of  the  one  for  the  positive  electrode,  and  the  other 
for  the  negative  electrode. 

The  positive  and  negative  plates  are  arranged  alternately,  the 
positive  in  pairs  and  the  negative  singly,  and  are  separated  by 
means  of  thin  hard  rubber  insulators.  They  are  also  insulated  from 
the  case  by  means  of  hard  rubber.  Similar  plates  are  connected 
by  a  bolt  which,  holding  the  plate  contacts  firmly  together,  insures 
good  electrical  contact.  Two  terminal  posts  are  provided.  These 
are  connected  one  to  each  set  of  plates  from  which  they  extend  up- 
ward through  hard  rubber  bushings  to  the  outside  of  the  case. 
After  the  elements  are  in  place,  the  cover  is  sealed  on  by  means  of 
a  special  soldering  process.  Certain  other  details  will  be  explained 
in  comparing  this  cell  with  the  ordinary  lead  type  of  cells. 

As  the  test  must  necessarily  involve  a  large  number  of  charges 
and  discharges,  it  was  necessary  to  devise  suitable  means  of  provid- 
ing and  controlling  the  necessary  current.      Different  circuits  were 
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tried,  until  finally  a  very  satisfactory  arrangement   was  devised,  as 
explained  herewith,  and  illustrated  in  Fig.  i. 


POWER  CIRCUIT 

J5LD  INTE3T  OF    tie     LDISON  CELL 


In  order  to  have  an  independent  and  flexible  source  of  power  a 
motor  generator  was  provided.  As  a  means  to  get  the  necessary 
regulation  of  voltage  and  current,  the  generator  was  reconnected 
for  separate  excitation  from  adjustable  contacts  on  a  storage  battery. 
The  final  adjustment  was  attained  by  means  of  the  field  regulating 
rheostat. 

By  means  of  the  motor  generator  set  together  with  suitable 
switches  and  instruments,  it  was  convenient  to  charge  this  cell  at 
any  desired  rate  within  the  current  capacity  of  the  generator,  which 
latter,  in  fact,  limited  the  maximum  charging  rate  to  70  amperes 
on  account  of  excessive  heating  in  the  commutator  and  armature. 

It  was  at  first  attempted  to  control  the  discharge  by  means  of  an 
acidulated  water  rheostat,  but  the  resistance  of  the  various  connec- 
tions and  wiring  was  so  much  in  proportion  to  the  low  voltage  of 
the  cell  that  it  was  impracticable  to  attempt  to  attain  sufficient 
range  of  control  by  this  means.  Several  experiments  were  then 
tried  and  it  was  found  that  when  the  cell  had  been  sufficiently 
charged  and  the  generator  allowed  to  slow  down,  with  the  cell  still 
connected,  the  charging  current  also  gradually  diminished  as  the 
speed  decreased,  till  at  some  point  the  current  passed  through 
zero  and  reversed.  This  discharge  current  came  up  to  ten  amperes 
as  the  armature  came  to  rest.  Then,  in  order  to  increase  this  dis- 
charge, value,  it  was  only  necessary  to  start  up  the  machine  again, 
but  with  its  field  reversed  so  as  to  assist  this  discharge  current. 
By  means  of  the  field  regulator  it  was  possible  to  adjust  the  output 
to  any  desired  value,  as  in  regular  dynamo  practice.  This  method 
served  very  well  for  all  the  ordinary  tests,  but  the  limited  current 
capacity  of  the  generator  precluded  its  application  for  the  highest 
rates  required.  For  the  higher  rates,  ranging  from  75  to  150  am- 
peres, a  less  convenient  arrangement  was  adopted  which  served  the 
purpose  very  well  on  the  primary  discharge,  i.  e.,  above  one  volt. 
The  circuit  for  this  high  discharge  was  of  very  low  resistance  ex- 
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ceptiiig  that  it  contained  two  terminal  posts  about  six  inches  apart, 
between  which  were  stretched  a  number  of  turns  of  No.  22  bare 
copper  wire  in  such  a  way  that  more  or  less  strands  could  be  applied 
by  a  simple  process  of  winding  turns  off  or  on,  as  desired.  This 
constituted  a  kind  of  multiple  circuit  hot  wire  rheostat. 

In  order  to  determine  the  effect  of  negative  charging,  such 
as  would  occur  to  any  cell  that  chanced  to  be  wrongly  connected 
in  any  battery,  it  was  merely  necessary  to  continue  the  discharge 
through  zero  and  then  continue  the  current  by  means  of  gradually 
raising  the  voltage  of  the  generator  as  the  reverse  K.  M.  F.  builds 
up  in  the  cell.  In  this  way  it  is  possible  to  obtain  a  complete 
cycle  of  voltage  at  a  constant  current  rate,  i.  e.,  starting  at  zero, 
charge  positively  up  to  the  maximum  voltage  and  then,  reversing 
the  generator  field,  discharge  down  to  and  through  zero,  and  so  on 
negatively  to  the  negative  maximum  when  the  generator  field  can 
be  reversed  to  its  original  polarity  and  the  negative  charge  re- 
moved, thus  completing  the  cycle  by  bringing  the  charge  back  to 
zero  again  ready  for  a  positive  charge. 

It  was  found  that  the  negative  charge  was  very  small,  practically 
negligible  compared  with  the  positive  charge,  and  that  the  negative 
charging  had  little  or  no  effect  beyond  bringing  the  cell  to  a  state 
of  zero  charge  after  which  a  prolonged  positive  charging  process 
was  necessary,  as  in  the  case  of  the  initial  charge,  to  bring  the  cell 
up  to  its  normal  working  condition  again. 

Only  the  general  results  and  more  important  data  will  be  incor- 
porated in  this  paper,  which,  together  with  the  drawings  and  curves 
plotted  in  connection  herewith,  are  designed  to  present  a  clear 
insight  into  the  nature  of  the  subject  investigated. 

The  greater  part  of  the  experimentally  derived  data  pertaining 
to  the  cell  is  embodied  in  the  curves  of  Figs.  2  to  3,  where 
are  shown  the  charge  and  discharge  voltage  curves  of  the 
several  charges  numbered  directly  in  the  order  of  observation. 
Comparison  of  efficiencies  may  be  facilitated  by  reference  to  the 
efficiency  table  which  follows  the  explanation  of  these  curves. 

Plot  No.  I  shows  the  curves  for  the'  prolonged  first  or  prelimi, 
nary  charge  and  subsequent  discharge.  Up  to  the  seventh  charge- 
and  in  some  of  the  subsequent  charges,  it  was  designed  to  instill 
only  sufficient  charge  to  insure  a  complete  normal  discharge.  This 
condition  appeared  to  be  generally  satisfied  by  about  12  per  cent 
over  charge  at  the  normal  40  ampere  rate  and  up  to  60  or  70 
amperes,  beyond  which  a  greater  overcharge  seemed  necessary. 

The  low^  efficiency  of  No.  2  is  ascribed  to  a  possible  incomplete- 
ness of  discharge.  This  being  followed  by  only  a  moderate  charge 
would  account  for  the  exceptionally  high  efficiency  of  No.  3. 
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The  watt  efficiency  of  No.  4  is  low,  because  the  discharge  was 
carried  to  zero.  The  brief  negative  charge  in  connection  with  No. 
4  is  disregarded,  as  it  appeared  to  have  no  effect.  This  inference 
is  confirmed  by  No.  16  and  No.  33,  where  the  prolonged  negative 
charges  were  found  to  have  practically  no  effect.  No.  5  charge 
was  started  at  80  amperes,  but  excessive  heating  of  the  generator 
armature  required  that  the  rate  be  cut  down  to  70  amperes.  The 
low  efficiency  was  due  to  the  preliminary  recovery  charge  following 
the  previous  complete  discharge,  and  also  to  the  high  rate,  it  being 
found  that  the  cell  was  more  efficient  at  lower  rates. 

No.  6  shows  high  ampere  hour  efficiency  and  low  watt  efficiency, 
because  the  discharge  was  continued  through  both  the  primary  and 
secondary  discharges. 

No.  7  was  conducted  for  the  purpose  of  finding  the  internal 
resistance  of  the  cell  at  different  degrees  of  discharge.  The  con- 
denser method  was  used,  as  explained  later.  These  readings  were 
only  approximate  and  somewhat  irregular,  on  account  of  certain 
minor  difficulties  that  were  met. 

No.  8  was  conducted  more  accurately,  but  the  time  values  are 
not  all  exact.  In  all  cases  the  galvanometer  deflections  were  of 
small  range  and  of  very  brief  duration,  thus  precluding  absolute 
exactness  in  reading  thereof. 

Nos.  9,  10,  II,  12  and  13  are  intended  to  show  the  relation  be- 
tween high  and  low  current  rates  of  activity.  Nos.  9  and  10  show 
that  the  higher  rates  cause  a  greater  difference  between  charge  and 
discharge  voltages,  and  hence  lower  watt  efficiency. 

No.  12,  and  also  No.  3,  show  conclusively  that  a  low  rate  is  more 
efficient  than  a  high  rate.  Nos.  1 1  and  1 3  show  that  the  efficiency 
is  the  same,  whether  charged  at  a  low  rate  and  discharged  at  a  high 
rate,  or  vice  versa. 

No.  14  was  for  the  purpose  of  showing  the  effect  of  different 
current  rates  on  the  voltage.  The  results  of  this  test  are  shown 
best  on  diagram  Fig.  2.  From  the  volt-ampere  curve  there  shown, 
it  is  obvious  that  the  voltage  is  inversely  proportional  to  the  cur- 
rent. It  was  found  that  the  voltage  drop  caused  by  160  amperes 
was  only  32  per  cent  of  the  no-load  voltage.  The  only  evil  effect 
of  this  high  current  rate  appeared  to  be  an  excessive  heating  of- the 
terminal  posts.  After  the  160  ampere  reading,  the  cell  immedi- 
ately recovered  to  1.39  volts  on  10  amperes  discharge,  which  is 
only  about  5  ^  per  cent  less  than  at  the  same  rate  before  the  higher 
rates  of  discharge  were  effected.  This  slight  loss  of  voltage  would 
be  expected,  as  the  voltage  always  gradually  diminishes  on  dis- 
charge. 

No.  15  shows  an  intermittent  lOO-ampere  primary  discharge, 
followed   by  a  continued  discharge  at  60  amperes  to  zero  \olts. 
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Both  the  no-load  and  load  voltages  gradually  fell  away  consistently 
in  regular  curves  throughout  the  primary  part  of  the  discharge. 

No.  1 6  was  a  negative-charging  process,  followed  by  an  unsuc- 
cessful attempt  to  obtain  a  negative  discharge.  When  being  charged 
negatively,  the  Edison  cell  behaves  very  much  like  an  ordinary 
counter  E.  M.  F.  lead  cell,  inasmuch  as  it  will  take  up  practically 
no  charge,  even  though  it  presents  an  opposing  voltage  somewhat 
higher  than  the  normal  direct  voltage.  It  is  claimed  by  the  manu- 
facturers that  the  only  effect  of  this  negative  or  reverse  charging 
is  to  reduce  the  iron  of  the  negative  plates  to  a  very  low  oxide, 
which  necessitates  a  subsequent  prolonged  positive  overcharge  to 
get  the  cell  back  to  its  normal  working  condition. 

No.  1 7  counts  for  little  more  than  a  simple  recovery  charge  in 
the  positive  direction. 

No,  1 8  was  a  special  test  to  show  the  effects  of  letting  a  cell 
stand  fully  charged  with  its  electrolyte  removed.  It  seemed  at 
first  to  have  suffered  no  injury  beyond  losing  about  25  per  cent  of 
its  ampere  hour  charge  and  25  per  cent  of  its  mean  discharge  volt- 
age ;  or,  briefly,  almost  one-half  of  its  watt  hour  charge. 

The  19th  charge  was  prolonged  to  a  y/  per  cent  overcharge  and 
was  followed  by  nearly  a  normal  discharge,  indicating  that  the  cell 
had  suffered  no  appreciable  injury  by  standing  charged  with  the 
electrolyte  removed,  notwithstanding  the  evidence  of  some  oxidiza- 
tion in  the  plates,  which  was  evidenced  by  the  long  continued  main- 
tenance of  a  temperature  about  5  degrees  C.  above  the  surrounding 
atmosphere  when  the  liquid  was  first  removed  from  the  cell.  Later 
observations,  however,  did  indicate  injury,  as  explained  later.  Fur- 
ther tests  were  made  at  low  discharge  rates,  such  as  would  be  most 
commonly  met  in  telephone  service. 

No.  20  shows  a  charge  at  60  amperes,  followed  by  a  5-ampere 
discharge.  Contrary  to  expectation,  the  efficiencies  thus  obtained 
instead  of  being  higher,  appeared  to  be  lower  than  at  the  higher 
ampere  rate.  This  was  later  found  to  be  due  to  a  decrease  in  am- 
pere hour  capacity. 

No.  21  shows  a  similar  discharge  at  10  amperes. 

As  No.  22  and  No.  23  were  incomplete  and  lacking  in  data,  the 
curves  were  not  plotted.  The  succeeding  curves  up  to  and  includ- 
ing No.  32,  all  show  low  efficiencies,  indicating  that  the  cell  actually 
did  suffer  injury  from  some  of  the  abnormal  conditions  imposed 
upon  it  in  the  early  part  of  the  test,  as  e.  g.  in  No.  1 8,  when  the 
electrolyte  was  removed  on  full  charge. 

No.  33  was  a  reverse  charge,  to  be  followed  by  a  direct  charge. 
This  reverse  charge  of  470  ampere  hours  seemed  to  impart  a  very 
slight  negative  charge,  which,  however,  amounted  to  only  about 
one-quarter  of  an  ampere  hour. 
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No.  34,  a  much  prolonged  and  thorough  overcharge  was  designed 
to  bring  the  cell  up  to  its  original  full  capacity.  Its  only  effect 
was  to  very  slightly  increase  the  capacity. 

After  the  34th  discharge  was  complete,  the  electrolyte  was  re- 
moved from  the  cell  and  placed  in  a  bottle.  The  cell  was  then 
rinsed  with  clear  water  and  the  rinsings  added  to  the  liquid  in  the 
bottle.    The  amount  of  sediment  was  then  determined,  as  explained 
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ater.  After'rinsing  out  the  cell,  instead  of  returning  the  alkaline 
solution,  pure  water  was  used,  which  was  allowed  to  remain  during 
the  next  charge. 

No.  3  5' was  an  experimental  charge  to  determine  whether  the 
cell  would  charge  with  a  very  weak  solution,  and  to  what  extent. 
Obviously,  a  small  amount  of  the  alkaline  solution  must  have  been 
retained  in  the  oxide  pockets,  sufficient  to  give  the  new  liquid  a 
considerable  current-carrying  capacity.  In  fact,  the  conductivity 
proved  to  be  nearly  as  good  as  with  the  regular  solution.  This 
fact  is  shown  by  the  curves. 

It  has  been  stated  by  some  authority  that  the  functions  of  the 
alkali  is  to  give  conductivity  to  the  electrolyte.  From  this  we 
should  expect  that  the  strength  of  the  solution  would  have  no  in- 
fluence over  the  charging  process  so  long  as  the  given  necessary 
current  is  allowed  to  pass.  The  test,  however,  actually  shewed 
that  the  ampere  hour  capacity  was  diminished  about  20  per  cent  by 
this  change  of  electrolyte  from  a  strong  to  a  very  weak  solution, 
although  the  nature  and  form  of  the  charge  and  discharge  curves 
for  both  kinds  of  electrolyte  were  practically  identical. 
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In  Fig.  7  is  shown  certain  results  derived  from  discharges 
Nos.  7,  8  and  14.  Nos.  7  and  8  represent  the  internal  resistance 
variations  noted  on  two  successive  discharges.  No.  7  discharge 
e.xtended  only  through  the  primary  part,  while  No.  8  extended 
through  both  the  primary  and  secondary  to  zero  volts.  From  these 
curves  it  is  evident  that  the  internal  resistance  is  practically  con- 
stant at  about  .0017  ohms  throughout  the  primary  discharge,  and 
that  during  the  secondary  discharge  the  apparent  internal  resist- 
ance increases  about  nine  fold,  and  that  when  fully  discharged  the 
resistance  rises  still  farther,  to  about  .0350  ohms,  i.e.  with  a  con- 
stant current  of  about  50  amperes.  Evidently,  this  rise  in  resist- 
ance on  secondary  and  full  discharge  is  due  to  polarization. 

The  theoretical  circuit  shown  on  this  drawing  was  used  to  de- 
termine the  internal  resistance  of  the  cell. 

There  are  several  methods  for  finding  the  internal  resistance, 
but  only  the  following  was  used  in  this  test : 

Referring  to  the  circuit  (Fig.  7),  a  convenient  formula  may  be 
derived,  as  follows : 

Let  R  ^  dead  resistance  in  one  branch  of  the  circuit ; 

Let  Rj  =  internal  resistance  of  cell : 

Let  T  =  galvanometer  deflection  on  closing  T  with  t  still  open; 

Let  t  -  galvanometer  deflection  or  closing  t  with  T  already 
closed  ; 

Also  let  ti=  (T-t)  which  should  equal  the  deflection  of  T  with 
t  closed ; 

Let  C  represent  the  capacity  of  the  condenser  and  let  E  repre- 
sent the  voltage  of  the  cell ; 

T:t  =  E  C: ,,  ,  „'  C,  since  deflection  is  proportional  to  current,  and 

K-|-Ki 

the  current  is  a  direct  function  of  voltage  and  capacity. 

_  ^  E  RiC 

T  E  R,  C       t  E  C 


R-f-R,  1 

TR, 


R  +  Ri 
TR,  =  tR  +  tR, 
T  R,  -  t  R,  =  t  R. 
R,  {T-t)  =  t  R. 

Ri=  yt:^  Substitute  for  t  its  value  (T-t,),   and 

R,  = '  which  is  the  formula  used. 

Throughout  the  primary  discharges,  the  values  of  t  and  t,  checked 
very  closely,  but  beyond  this,  in  the  secondary  and  full  discharge 
readings,  their  combined  values  were  slightly  less  than  T.     The 


i 

\ 
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values  of  tj  were  accepted  as  correct,  because  t,  represents  a  value 
that  coexists  with  a  current  load,  and  this  is  the  condition  for  which 
information  is  desired.  Were  the  value  of  t  accepted  as  correct, 
the  results  obtained  would  be  for  no  load,  when,  of  course,  the 
polarization  would  disappear  and  the  resistance  would  remain  at 
practically  the  normal  value.  It  is  evident  that  the  polarization 
component  is  proportional  to  the  current. 

Discharge  No.  14,  as  already  noted,  shows  the  effect  of  increas- 
ing the  current  by  successive  uniform  increments  from  10  to  160 
amperes. 

In  Fig.  I  is  shown  in  a  theoretical  form  the  circuit  that  was 
used.  As  it  was  not  found  practical  to  use  the  water  rheostat  in 
this  particular  case,  it  is  shown  in  dotted  lines  only. 

The  discharge  of  the  cell  was  accomplished  by  reversing  the 
generator  field  leads  extending  to  the  auxiliary  battery.  The  re- 
sistance of  the  wiring  served  to  hold  down  the  current  within  con- 
trol of  the  generator  field  regulator. 

After  completing  the  i8th  charge,  the  electrolyte  was  removed 
and  filtered  through  a  sheet  of  blotting  paper,  to  show  how  much 
sediment  had  been  taken  up  by  the  electrolyte  from  the  plates. 
No  measurements  were  made  in  connection  with  this  observation, 
but  the  volume  of  sediment  appeared  to  be  about  one-half  of  a 
cubic  centimetre. 

After  the  34th  discharge  had  been  run,  the  electrolyte  was  again 
removed  and  filtered.  Careful  measurements  were  made  and  con- 
siderable pains  were  taken  to  get  accurate  results.  The  following 
method  was  adopted : 

First,  the  electrolyte  was  poured  into  a  bottle  and  allowed  to 
stand  a  sufficient  time  for  the  sediment  to  settle.  The  cell  was 
rinsed  with  pure  water  and  the  rinsings,  containing  some  additional 
sediment,  were  added  to  the  liquid  in  the  bottle.  Then,  when  the 
solid  matter  had  all  settled  in  a  thin  layer  of  slime  at  the  bottom, 
the  top  was  carefully  poured  off,  leaving  a  small  quantity  of  liquid 
with  the  sediment  at  the  bottom.  This  remaining  liquid  was  next 
shaken  and  mixed  thoroughly  and  then  poured  through  a  filter 
paper  placed  in  a  suitable  glass  funnel.  When  the  liquid  had  all 
run  through,  the  deposit  was  washed  with  clear  water  to  remove 
all  potash  solution,  so  that  only  the  actual  sediment  from  the  plates 
should  remain  on  the  filter  paper. 

When  the  paper  was  thoroughly  dried,  it  was  weighed  on  delicate 
scales.  The  original  weight  of  the  paper  was  then  deducted,  leav- 
ing only  the  weight  of  the  sediment,  as  follows : 

Total  weight  of  filter  paper  and  deposit 2.89og 

Original  weight  of  filter  paper  alone i-07Sg 

Difference  equals  weight  of  deposit I.8i5g 
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The  volume  of  deposit  in  this  case  appeared  to  be  about  the  same 
as  was  noted  in  connection  with  the  observations  made  after  the 
iSth  charge. 

The  first  deposit  may  have  consisted  partly  of  foreign  matter 
collected  on  the  surface  of  the  plates  and  inside  the  can  in  the 
process  of  manufacture.  The  second  deposit,  however,  must  have 
escaped  entirely  from  the  plates,  showing  that  there  is  at  least  a 
slight  gradual  loss  of  the  active  material  from  the  oxide  pockets. 

Should  the  question  be  raised  that  the  first  deposit  may  have 
been  made  up  entirely  of  foreign  matter,  and  that  the  latter  deposit 
may  have  been  caused  entirely  by  abnormal  use  of  the  cell,  it  can 
only  be  said  that  such  a  supposition  seems  very  improbable. 

VOLTAGE    DISTRIBUTION    RESPECTING    CELL    CASE. 

Observations  were  made  and  readings  taken  to  determine  the 
voltage  condition  existing  between  the  case  and  the  elements  during 
charge  and  discharge.  Such  data  would  be  of  assistance  in  case  it 
were  suspected  that  any  cell  was  grounded  on  the  case. 

VOLTAGE    DISTRIBUTION    TABLE. 


+  to. 


1 .20 

1.56 

1.79 
1.24 

1 .20 

.62 

—  .40 
1.78 
-1 .89 


+  to 

case. 

—  to  case. 

34 
62 
68 

•83 

•  94 
1.06 

51 

•73 

44 

35 

•73 
•  78 

— 

15 

•77 

— 

s 

.10 

0 

70 

1.07 

—  [ 

30 

—  .6 

+  to  case 
%   of  total. 


28  per 

40  per 

38  per 

41  per 
37  per 
23  per 

-24  per 
13  per 

39  per 
68  per 


cent 
cent 
cent 
cent 
cent 
cent 
cent 
cent 
cent 
cent 


Condition 
of  cell. 


Half  discharge 

Full  charge. 

Half  charge. 

Discharged. 

Discharged. 

Discharged. 

Discharged. 

Discharged. 

Charged. 

Neg.  charge. 


Discharge  at  40  A. 
No  load. 
Charge  at  60  A. 
60  amperes. 
60  amperes. 
60  amperes. 
60  amperes. 
60  amperes. 
70  amperes. 
60  amperes. 


It  will  be  noted  that  part  of  the  observations  do  not  check  up 
exactly,  the  total  voltage  usually  appearing  greater  than  the  sum 
of  the  two  others.  This  may  be  accounted  for  by  slight  errors  in 
reading  and  fluctuations  in  current  and  voltage  and  the  drop  in  the 
terminal  posts  when  a  current  was  flowing.  From  the  table  it  is 
evident  that,  while  the  proportions  are  not  nearly  constant  and  at 
conditions  approximating  complete  discharge,  the  variations  are 
wide,  still,  throughout  the  greater  part  of  normal  charge  and  dis- 
charge and  when  fully  charged,  their  ratios  are  fairly  close  e.g.; 
under  normal  working  conditions  the  voltage  from  the  positive 
terminal  to  the  case  should  be  between  28  per  cent  and  41  per  cent 
of  the  total  voltage. 

Concerning  the  reverse  charging,  it  is  interesting  to  note  that  a 
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special  modified  form  of  this  treatment  may  be  used  with  good 
effect  for  recuperating  weak  cells.  It  is  claimed  by  good  authority 
that  in  all  ordinary  cases  a  cell  may  be  brought  back  to  its  original 
ampere  hour  capacity  by  using  the  steel  can  for  the  positive  pole 
of  the  battery  and  charging  through  the  nickel  pole  in  the  reverse 
direction ;  i.e.,  by  making  the  plates  containing  the  nickel  oxide 
negative  with  respect  to  the  retaining  case,  and  leaving  the  plates 
containing  iron  oxide  neutral.  The  cell  thus  connected  should  be 
kept  on  charge  for  about  ten  hours  at  a  high  rate,  e.  g.  75  amperes 
for  the  E-18  size.  The  potash  solution  should  then  be  renewed 
and  the  cell  reconnected  and  giv^en  a  prolonged  direct  charge  under 
normal  conditions,  as  for  a  new  cell.  As  this  method  was  not 
suggested  till  after  the  testing  was  discontinued,  no  further  data 
was  obtained  concerning  it. 

The  action  of  this  cell  is  based  on  certain  laws  governing  the 
oxidization  and  reduction  of  the  oxides  of  nickel  and  iron  when 
immersed  in  a  suitable  alkaline  solution  and  subjected  to  the  chem- 
ical action  of  an  electric  current. 

The  present  investigation  does  not  carry  the  experimental  work 
beyond  the  observation  of  phenomena  characteristic  of  the  complete 
and  assembled  cell.  Further  data  has  been  compiled  from  various 
sources  concerning  the  theory  of  the  cell  and  its  chemical  proper- 
ties. A  European  authority  states  that  the  active  iron  material, 
consisting  of  iron  and  peroxide  of  iron,  may  be  made  by  passing  a 
current  of  hydrogen  over  pulverized  sesquioxide  of  iron  at  a  tem- 
perature of  480  degrees  C.  He  states  that  a  better  method  is  not 
to  use  quite  so  high  a  temperature,  and  advises  mixing  in  ammo- 
niated  copper  and  oxide  of  mercury,  from  which  are  obtained 
granules  consisting  of  a  particle  of  iron  coated  with  a  porous  cop- 
per amalgam  and  oxide  of  iron  in  a  very  finely  divided  state. 

Another  authority  claims  that  the  first  result  of  any  electrical 
activity  in  the  cell  may  be  described  as  the  transferance  of  oxygen 
from  one  electrode  to  the  other  through  the  medium  of  water.  He 
has  pointed  out  that  any  of  the  metals  whose  oxides  are  insoluble 
in  alkalines  may  be  used  as  electrodes  in  alkaline  accumulators  e.g. 
cadimum,  iron,  nickel,  copper,  mercury  and  silver. 

Chemical  authority  tells  us  that  there  is  a  series  of  oxides  and 
hydroxides  for  iron  and  a  somewhat  similar  series  for  nickel. 
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The  chief  of  these  may  be  Hsted  as  follows : 

lABLE    OF    IKON    AND    NICKEL    OXIDES. 


Metal. 

Iron. 

Nickel. 

Symbol. 
Atomic  weight. 

Valence, 

Specific  gravity, 
Oxides  No.  i. 
No.  2. 
No.  3. 
Hydroxides  No.  i. 
No.  2. 
No.  3. 
No.  4. 
No.  5. 

Ke. 

55.6 

Bivalent  and  Trivalent. 
7.8 

Fe2    O3 
Fes   0, 
FeO 
Fe  (O  H) 

"Fe  (OH)3 

Fe.,  0(0  H)4 
Fe,04(0H)  ,., 

Ni. 
58.24 

Bivalent,  Usually. 

8.8 

Ni..     0;i 

NiO 

"m[oii)2 

Ni  (O  H),, 

This  list  of  oxygen  compounds  is  presented  merely  to  illustrate 
the  nature  of  these  two  metals  respecting  their  power  to  form  a 
series  of  similar  compounds.  Only  a  part  of  these  oxides  are  sup- 
posed to  take  a  part  in  the  chemistry  of  the  active  materials. 
Several  of  these  compounds  undoubtedly  enter  into  the  reactions 
which  occur  in  operating  the  cell.  It  is  believed  that  the  actual 
reactions  are  complex,  and  that  different  combinations  occur  at 
different  stages  of  the  charge  and  discharge,  and  this  accounts  for 
the  secondary  or  low  voltage  which  is  maintained  during  the  latter 
part  of  a  total  discharge,  and  also  the  similar  analogous  steps  shown 
in  the  curve  of  negative  charge.  Certain  of  the  reactions  that 
occur  are  supposed  to  be  somewhat  simple  and  others  more  com- 
plex. By  means  of  calculations  based  on  chemical  theory,  it  may 
be  proved  that  nickel  oxides  give  the  following  theoretical  capaci- 
ties : 

I  St.  Nickel  peroxide  (NiO.^)  reduced  to  nickelous  oxide  (NiO) 
gives  267.85  A.  H.  per  pound. 

2d.  Nickel  peroxide  (Ni  O  2)  reduced  to  nickel  sesquioxide 
(Ni2  O  3)  gives  133.92  A.  H.  per  pound. 

3d.  Nickel  sesquioxide  (Ni  2  O  3)  reduced  to  Ni  O  gives  146.88 
A.  H.  per  pound. 

Mr.  Edison  claims  that  the  first  reaction  is  of  chief  importance, 
but  others  claim  that  the  other  two  are  equally  or  more  character- 
istic of  the  activities  of  discharge  in  the  Edison  type  of  cell. 

It  should  be  observed  in  this  connection  that  the  electrolyte 
should  never  be  allowed  to  fall  sufificiently  low  enough  to  expose 
the  plates  to  the  air  when  being  charged  or  when  standing  fully 
charged,  as  the  iron  .oxide  particles  in  the  negative  plates  will 
rapidly  take  up  too  much  oxygen  and   become  ruined  or   injured. 
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and  so  permanently  diminish  the  ampere  hour  capacity  of  the  cell. 
This  fact  explains  the  low  capacities  noted  after  the  i8th  charge, 
when  the  cell  was  allowed  to  stand  charged  for  nine  days  with  the 
electrolyte  removed.  The  total  depreciation,  so  far  as  noted, 
amounted  to  about  30  per  cent  of  the  original  or  rated  ampere  hour 
capacity,  and  seemed  to  be  due  entirely  to  the  removal  of  the  elec- 
trolyte, as  explained  heretofore. 

Although  the  two  types  of  accumulator,  nickel-iron  and  lead, 
have  many  points  in  common,  and  to  about  the  same  degree,  still 
there  are  prominent  characteristics  peculiar  to  each,  which  deter- 
mine any  particular  adaptability  and  superiority  in  certain  given 
fields  of  service. 

It  is  at  once  obvious  that  the  lead  cell  must  find  its  chief  natural 
usefulness  in  connection  with  large  power  stations,  where  the  re- 
quirements call  for  a  large  capacity  and  where  the  battery  is  sub- 
ject to  very  little  or  no  mechanical  influence  beyond  that  incident 
to  its  fundamental  activities  in  charging  and  discharging.  Auto- 
mobile work  introduces  serious  mechanical  disturbances  that  a  lead 
cell  cannot  endure  without  serious  deterioration.  Here  the  nickel 
oxide  cell  finds  its  field  of  usefulness,  because  of  its  indestructability 
and  flexibility  of  operation. 

Intermediate  between  these  extremes  are  to  be  found  a  great 
variety  of  applications  for  storage  batteries  where  local  conditions 
and  first  cost  may  largely  determine  the  selection  of  battery;  as, 
for  example,  in  common  battery  telephone  service. 

To  facilitate  comparison,  a  table  may  be  compiled  showing  the 
relation  between  the  two  types  of  battery,  as  shown  herewith. 

Two  supplementary  tables  are  first  shown,  in  which  specific 
cases  are  investigated  for  the  purpose  of  deriving  a  part  of  the  data 
for  the  general  table  which  follows  thereafter. 

TABLE  SHOWING  RATIO  OF  PLAN  AREAS  AND  VOLUME  FOR  BAT- 
TERIES OF  SIMILAR  VOLTAGES  (24  V.) DATA  BASED 

ON  SPECIFIC  CASES. 


Descriptive. 
Size  Cell. 

Ampere  hour  rating 

Watt  hours,  per  cell 

Number  of  Cell.s   

Cell  length, 

Cell  width 

Cell  height 

Space  between  Cells 

Total  plan  space 

Connected  for  1 10  A.  H  . .  . . 
Ratio  of  space  (no  A.  H.). . 
Ratio  of  volume  (no  A.  H.) 


Lead  Cell. 

Edison  Cell. 

"  E-7." 

■•  K-18." 

120 

IIO 

240 

135-3 

II 

9/8 

;^-inch. 

17 

2?i 

13^ 

■4:-inch 

712  square  inches. 

241  square  inches. 

653  square  inches. 

241  square  inches. 

100  per  cent. 

37  per  cent. 

100  per  cent. 

52  per  cent. 

540 
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WATT    HOL'R.S    I'KR    POUND    OF    CELL    AT    NORMAL    RATKS. 


Descriptive. 

Size  Cell. 
Mean  Discharge  Volts. . 

Discharge  Current 

Discharge  Hours 

Ampere  Hours 

Watt  Hours 

Pounds,  per  cell 

Watt  Hours,  per  pound 


Lead  Cell. 

Edison  Cell. 

"E-7." 

'•E-18." 

2.0 

'•23 

15- 

8. 

30.00 
3.66 

I20. 

no. 

240. 
60.25 

135-30 
13.00 

4.00 

10.41 

GENERAL    COMPARISON    TABLE    (LEAD    VS.    EDISON    CELLs). 


Descriptive. 

Lead  Cell. 

Edison  Cell. 

Receptacle. 

Glass  or  Lead. 

Steel. 

Plates 

Lead. 

Lead  oxide. 
Lead  sponge. 

Steel. 

Positive  material 

Nickel  oxide 

Negative  material 

Iron  oxide. 

Material  retained  bv 

Adhesion. 
Dilute  acid. 

Perforated  walls. 

Electrolyte 

Caustic  potash. 
Weak. 

Strong. 
1.20 

Specific  gravity  electrolyte  .... 

1. 18 

Int.  res.  per  A.  H.  capacity. . . . 

100  per  cent. 

133  per  cent. 

Mild. 

Violent. 

Product  of  gassing 

Explosive. 
Corrosive. 
Inappreciable. 
10  years. 

2.55 
1.80 

Explosive. 
Harmless. 

Product  of  gassing 

Polarization 

Inappreciable. 
Assumed  20  years. 

1.90 

1 .10 

Life  approximate 

Maximum  cell  voltage 

Minimum  cell  voltage 

Normal  charge  voltage   

2.4 

1-75 

Normal  discharge  voltage 

2  0 

1-23 

Ratio  of  discharge  voltage 

100  per  cent. 

60  per  cent. 

Normal  time  of  charge 

8  hours. 

■>,%  hours. 

Normal  time  of  discharge 

8  hours. 

3^3  hours. 

Minimum  time  of  charge 

3  hours. 

I  hour. 

Minimum  time  of  discharge..  . . 

3  hours. 

I  hour. 

A.  H.  over  charge  required.  . . . 

10  per  cent. 

10  per  cent. 

Ampere  hour  efiiciency 

85  to  92  per  cent. 

80  per  cent. 

Watt  hour  efficiency    

70  to  75  per  cent. 

55  per  cent. 

Watt  hour  per  pound  of  cell. . . 

4.00 

10.41 

Bulk  per  watt  hour  output  .... 

100  per  cent. 

48  per  cent. 

Battery  plan  space  ratio 

100  per  cent. 

37  per  cent. 

100  per  cent. 
100  per  cent. 

120  per  cent. 
40  per  cent. 

Renewal  costs 

Attendance  costs 

100  per  cent. 
100  per  cent. 

50  per  cent. 
68  per  cent. 

Internal  resistance  ratio 

ADAPTABILITY  TO  TELEPHONE  USE. 

There  are  several  characteristics  of  the  Edison  cell  that  commend 
its  application  in  telephone  service.  Its  durability,  small  demands 
for  attention  and  general  operating  flexibility  are  much  in  its  favor. 
On  the  other  hand  its  normal  voltage  is  low  and  is  subject  to  a  large 
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per  cent  of  variation.     Its  first  cost  is  high  and  its  actual  life  has 
not  yet  been  determin-ed.     These  qualities  may  be  listed  as  follows: 


THE    EDLSOX    CELL   AND 

Superior  Qualities. 
Construction  durable. 
Attendance  small 
Maintenance  slight. 
Internal  resistance  low. 
Corrosiveness  slight. 
Volume  small. 


ITS    QUALIFICATIONS 
SER\TCE. 


FOR  TELEPHONE 


Inferior  Qualities. 

Voltage  low. 
Voltage  variation  great. 
First  cost  high. 
Electrical  efficiency  low. 


As  the  lead  cells  and  the  nickel-iron,  or  Edi.son  cells,  constitute 
the  only  storage  batteries  of  any  considerable  importance,  only 
these  two  types  will  be  compared. 

Owing  to  the  very  thorough  construction  and  special  precesses 
involved  in  its  manufacture,  the  present  cost  of  the  Edison  cell  is 
high.  In  fact  the  present  prices  prohibit  the  general  adoption  of 
this  cell  for  the  great  majority  of  storage  battery  applications.  It 
may  reasonably  be  expected,  however,  that  the  cost  of  the  nickel- 
iron  type  of  cell  will  soon  be  reduced  to  figures  comparing  favorably 
with  the  cost  of  lead  cells  as  methods  of  manufacture  become  more 
developed  and  improved. 

The  relative  approximate  costs  may  be  compared  by  reference  to 
the  following  table: 

COMMERCIAL    DATA    ON    LEAD    VS.    EDISON    CELLS, 


Descriptive. 

Lead  Cell. 

Edison  Cell. 

Size. 

••E-7." 

"E-18." 

Ampere  hour  capacity 

120 

no 

List  price  per  cell 

S14.OO 

$10.00 

Relative  price  for  no  A.H.  cell 

$12.83 

$10.00 

Watt  hour  capacity  no  A.H.  cell 

220.00 

143-0 

K.W. hour  capacity  iio.A..H.cell 

.22 

•143 

Cost  per  K.W.  hour  capacity. . 

$58.32 

$69.93 

Ratio  of  costsperK.  W.  H.capac. 

100  per  cent. 

120  per  cent. 

The  Edison  battery  equipment,  on  account  of  its  greater  voltage 
range  must  include  certain  accessories  including  counter  E.  M.  F. 
cells  with  suitable  switching  and  wiring  equipment  for  regulating 
purposes.  It  may  be  noted  that  the  initial  cost  of  the  Edison  bat- 
tery equipment  is  about  twice  as  great  as  for  a  similar  lead  battery. 
It  does  not  necessarily  follow  from  this,  however,  that  the  lead  bat- 
tery is  any  chaper  for  maintaining  service  an  indefinitely  long  time 
as  its  maintenance  expense  is  relatively  high. 

The  continued  maintenance  of  a  battery  for  a  long  period  of  time 
involves  two  factors,  personal  attendance  and  renewal  of  parts.  The 
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former  may  be  said  to  comprise  general  care  and  repair  and  would 
be  covered  by  the  pay-roll,  while  the  latter  relates  to  the  renewal 
of  worn  out  or  defective  parts  such  as  would  be  covered  by  bills 
for  material. 

As  indicated  in  the  general  comparison  table  of  lead  and  alkaline 
cells,  the  lead  cells  must  require  a  greater  amount  of  attention  in 
their  normal  working  than  the  Edison  cells  for  there  are  more 
points  demanding  attention.  Moreover,  the  danger  from  neglect 
is  much  less  for  the  Edison  cell  than  the  lead  cell.  This  means  less 
expense  for  attendance  in  favor  of  the  Edison  cell. 

Storage  battery  practice  in  the  past  has  pretty  thoroughly  demon- 
strated that  the  average  life  of  an  ordinary  lead  battery,  under  usual 
conditions,  is  from  five  to  fifteen  years,  or  say  ten  years.  There  are 
many  obvious  and  well-known  reasons  why  the  life  of  a  lead  cell  is 
thus  limited;  e.  g.,  gradual  loss  of  the  active  material,  sulphating, 
etc.  On  the  other  hand,  there  appears  to  be  practically  no  chance 
for  deterioration  in  the  Edison  cell,  so  long  as  pure  water  is  used  to 
replace  evaporation  and  gassing  and  so  long  as  the  electrolyte  is 
kept  well  above  the  plates.  The  question  of  renewals,  therefore,  is 
also  evidently  in  favor  of  the  Edison  cell. 

The  results  of  this  investigation  may  be  briefly  summarized  as 
follows:  1st.  The  Edison  cell  is  entirely  practical  in  its  three 
chief  physical  aspects — mechanical,  chemical  and  electrical. 

2d.  Owing  to  its  low  ampere  hour  and  watt  hour  efficiencies,  its 
power  consumption  is  large  for  a  given  output.  This  considerably 
increases  its  operating  expense  where  the  power  rates  are  high. 

3d.  Its  present  relatively  high  initial  cost  must  limit  its  general 
adoption  only  to  uses  for  which  it  is  especially  adapted. 

4th.  Its  application  in  telephone  service  would  appear  to  be  ad- 
vantageous in  small  common  battery  exchanges  because  of  its  small 
demands  for  attention  and  maintenance,  doubtless  more  than  suffi- 
cient to  offset  the  difference  in  initial  cost. 

5th.  It  is  especially  adapted  to  the  requirements  for  automobile 
service. 
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DISCUSSION. 

Mr.  Hale — The  subject  we  are  about  to  discuss — the  new  Edi- 
son storage  battery — is  an  attractive  one.  The  Edison  cell  has 
aroused  much  interest  of  late,  partly  due  to  its  intrinsic  merits  and 
partly  on  account  of  the  eminence  of  its  inventor. 

This  battery  has  many  good  points,  among  which  may  be  men- 
tioned durability,  a  fairly  good  efficiency  and  the  ability  to  with- 
stand rough  usage,  while  its  lightness  makes  it  valuable  for  auto- 
mobile work.  It  may  be  described  as  an  oxygen-lift  cell,  in  which 
oxygen  is  electrolytically  conveyed  from  the  negative  or  iron  plate 
to  the  positive  or  nickel  plate  during  charge,  the  caustic  electrolyte 
remaining  unchanged.  During  discharge  the  nickel  oxide  of  the 
positive  element  is  reduced  to  a  lower  form. 

Dr.  Kennelly,  Professor  of  Engineering  at  Harvard  University, 
has  said  that  the  Edison  cell,  owing  to  its  steel  construction  and 
corresponding  mechanical  strength,  its  great  durability,  and  the 
small  amount  of  attention  necessary  to  keep  it  in  good  working  or- 
der, could  be  said  to  compare  more  favorably  with  its  competitor — 
the  dynamo  —than  can  any  other  storage  battery  now  on  the  market. 

Mr.  H.  M.  Beck  (Electric  Storage  Battery  Co.) — Except  for  the 
few  who  have  had  the  Edison  battery  in  hand  for  experimental  pur- 
poses, I  think  there  has  been  very  little  practical  experience  with 
them.  In  fact,  here  in  Chicago,  I  have  been  waiting  for  sometime 
to  get  a  few  batteries  so  we  could  tell  what  they  would  do  in  prac- 
tical use.  The  use  of  them  in  the  telephone  service  is  an  entirely 
new  phase  of  the  subject  to  me. 

I  would  like  to  ask  Mr.  Davis  a  few  questions,  as  I  am  not  famil- 
iar with  the  subject  from  this  standpoint,  and  I  expect  there  are 
others  here  tonight  who  are  in  the  same  position. 

I  will  ask  first,  how  he  determines  the  end  of  a  charge ;  when  is  a 
cell  charged,  or  when  is  the  time  to  cut  off  the  current.^  I  notice 
in  a  great  many  of  the  curves  he  shows  that  he  starts  with  a  given 
voltage  and  ends  with  a  lower  voltage  than  that  with  which  he 
started.  Of  course  the  voltage  is  one  of  our  most  important  meth- 
ods of  determining  the  proper  amount  of  charge  in  a  lead  battery, 
and  this,  especially  in  the  lead  type,  is  very  important.  I  do  not 
suppose  it  is  so  important  in  this  cell,  except  from  an  efficiency 
standpoint,  but  there  must  be  some  means  besides  voltage  for  de- 
termining when  the  cell  is  full  and  when  the  current  is  to  be  cut  off.^ 

Mr.  Davis — The  most  reliable  means  of  determining  when  a  cell 
is  fully  charged  is  by  a  few  experiments  to  determine  what  amount 
of  charge  is  sufficient  to  get  the  rated  ampere  hour  output.  There 
seems  to  be  no  fixed  voltage  to  be  attained  on  full  charge.  I'^or 
the  most  part,  the  voltage  appears  to  rise  gradually  as  the  charge 
is  continued,  with  possibly  one  or  two  exceptions  shown  on   the 
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curves  where  it  was  slightly  less,  but  as  a  rule  it  is  the  other  way. 
I  know  of  no  way  except  experimental  charges  to  determine 
when  a  sufficient  charge  has  been  instilled, 

Mr.  Beck — For  instance,  in  telephone  or  automobile  service  you 
use  a  certain  amount  of  the  charge,  it  may  be  only  a  small  fraction; 
is  there  no  way  then,  of  telling  how  much  to  put  back  when  you 
do  not  know  what  has  been  taken  out? 

Mr.  Davis — That  is  my  understanding.  When  the  state  of 
charge  is  not  known  approximately,  the  battery  should  be  recharged. 
When  the  voltage  falls  below  about  1.23,  the  battery  will  run  for  a 
short  time  on  the  secondary  discharge.  It  is  better  practice  how- 
ever, from  an  efficiency  standpoint,  not  to  run  on  this  secondary 
part  of  the  discharge.  Better  results  are  to  be  obtained  by  recharg- 
ing as  soon  as  the  primary  part  of  the  discharge  is  exhausted. 

M).  Beck — Then  the  only  safe  method  would  be  (no  matter  how 
much  the  discharge)  to  put  in  the  complete  charge  in  order  to  be 
sure  the  cell  was  full. 

Mr.  Davis— For  an  automobile  run  it  would  be  desirable  to  put 
in  a  full  charge  to  make  sure  that  there  had  been  instilled  a  suffi- 
cient charge  to  depend  upon.  Of  course  this  question  would  de- 
pend somewhat  upon  the  nature  of  the  service. 

Mr.  Beck — Have  any  tests  been  made  to  show  how  the  cell  holds 
its  capacity?  Suppose  it  is  charged  up  to  its  full  capacity  and  is 
allowed  to  stand,  charged,  for  two  or  three  days,  and  is  then  dis- 
charged.    Have  you  any  figures  on  the  percentage  of  loss? 

Mr.  Davis — No  test  was  conducted  for  allowing  the  cell  to  stand, 
fully  charged,  except  in  one  case  when  the  electrolyte  was  removed 
during  the  time  in  question  in  order  to  determine  if  there  would  be 
any  injury  resulting  from  leaving  the  electrolyte  out.  Of  course,  it 
is  well  known  that  if  an  ordinary  lead  cell  is  taken  apart,  fully 
charged,  and  allowed  to  stand,  it  will  heat  and  the  negative  plate  will 
oxidize  and  be  ruined.  In  a  telephone  exchange,  where  there  is  a 
small  plant,  and  the  attendant,  possibly,  may  not  know  much  about 
a  battery,  he  will  doubtless  at  some  time  have  occasion  to  take  out 
one  or  more  plates  and  seeing  that  they  get  hot  after  standing  a 
short  time,  he  will  wait  for  them  to  get  cool,  and  at  the  end  of  that 
time  the  plates  will  be  ruined.  In  this  test  it  was  desired  to  see 
what  would  be  the  result  of  such  treatment  of  the  Edison  cell. 

Mr.  Beck — In  regard  to  the  lead  plates  being  ruined  on  being  al- 
lowed to  dry  when  taken  out,  I  might  make  a  few  remarks  on  that 
subject,  because  it  is  something  I  am  a  little  more  in  touch  with.  The 
fact  is,  we  do  not  consider  it  the  best  thing  for  a  lead  cell  to  permit 
it  to  dry  out ;  but  on  the  other  hand  I  will  say  that  we  have  more  than 
once  made  use  of  just  such  treatment,  and  it  actually  greatly  im- 
proves the  capacity  of  the  battery.      I  know  of  a  case  where  the 
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electrolyte  was  taken  out  and  the  cells  were  allowed  to  stand  for 
about  one-half  day  and  allowed  to  heat.  The  electrolyte  was  then 
put  back  and  the  cells  charged  up,  and  the  capacity  of  the  battery 
was  brought  up  to  the  full  amount,  or  lOO  per  cent,  although  it  was 
previously  only  about  ^.  This  is  a  treatment  we  have  used  a 
number  of  times  in  just  such  a  way  in  order  to  get  the  capacity  up ; 
so  that  such  tieatment  is  not  always   ruinous  to  the  lead  battery. 

Mr.  IV.  D.  Ball — Does  it  make  any  difference  whether  you  draw 
the  electrolyte  out  when  the  battery  is  charged? 

Mr.  Davis — That  fact  is  only  true  when  the  battery  is  charged. 
If  you  discharge  the  battery  and  remove  the  plates  there  will  be 
no  chemical  action  or  oxidation  on  exposure  to  the  air. 

Mr.  Scheible — I  would  like  to  ask  Mr.  Davis  why  only  the  upper 
portion  of  the  casing  is  corrugated.? 

Mr.  Davis — The  idea  of  the  corrugation  is  to  stiffen  the  walls  of 
the  case,  which  is  made  of  very  thin  steel,  about  yV-inch  thick.  The 
heavy  nickel  plating  serves  to  protect  it  from  oxidation.  The  plates 
are  separated  from  the  wall  by  a  thin  sheet  of  hard  rubber.  The 
corrugation,  moreover,  gives  the  liquid  freer  access  to  circulate  on 
the  outside  next  to  the  walls. 

Mr.  Scheible — Perhaps  Mr.  Davis  stated  this  in  his  paper, 
but  how  does  this  cell  compare  with  the  ordinary  lead  cell  in  weight 
for  the  same  watt  hour  capacity.? 

Mr.  Davis — In  the  Edison  cell  the  watt  hour  capacity  is  about 
1 1  watt  hours  per  pound  of  the  cell,  whereas  in  the  lead  cell  it  is 
only  about  4  for  the  complete  assembled  cell,  including  the  jar  and 
electrolyte. 

Mr.  Scheible — How  will  it  compare  in  standing  the  jarring? 

Mr.  Davis — Of  course  it  is  well  known  that  the  lead  cell  will  not 
stand  jarring,  as,  for  instance,  in  automobile  work.  That  is,  the  wash- 
ing of  the  liquid  is  sure  to  disintegrate  and  wash  away  the  active 
material — especially  in  the  pasted  type — whereas  in  this  cell,  the 
active  material  being  retained  in  small  pockets  in  the  plates  cannot 
escape,  these  pockets  being  of  thin  steel  with  walls  finely  perforated. 

Mr.  Libby — There  is  one  point  I  would  like  to  bring  out.  At 
the  time  Mr.  Davis  started  on  his  tests,  I  was  curious  to  know, 
first,  if  some  of  the  claims  made  for  the  cell  were  actually  true ; 
but  while  inspecting  these  claims,  practically  the  main  point  was 
concerning  its  adaptability  to  telephone  work. 

There  are  one  or  two  things  in  connection  with  the  cell  that 
would  seem  to  indicate  that  it  was  adaptable  for  telephone  work ; 
one  of  these  is  the  internal  resistance.  One  requirement  in  tele- 
phone work  is  to  have  a  battery  of  very  low  internal  resistance,  so 
as  to  cut  down  the  danger  of  cross-talk.  You  will  recall  that  in 
the  curves  shown  the  internal  resistance  starts  at  about  .0017  ohm. 
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In  a  lead  battery  of  the  same  rating,  the  internal  resistance  was 
found  to  be  very  nearly  double  the  amount  just  mentioned.  You 
can  easily  see  that  this  is  because  in  the  Edison  battery  the  plates 
are  close  together  not  more  than  nj-inch  space  between  the  plates. 
At  the  end  of  the  discharge  the  internal  resistance  is  about  the 
same  as  for  the  lead  battery  at  the  beginning  of  the  discharge,  so 
that  this  particular  point  seems  to  be  in  favor  of  the  Edison  cell. 

On  the  other  hand,  there  is  a  disadvantage  with  this  cell  in  con- 
nection with  telephone  work.  For  example,  on  our  system  (the 
Kellogg  Switchboard  &  Supply  Co.)  we  use  two  sets  of  eleven  cells 
of  battery,  giving  about  22  volts.  The  minimum  voltage  would  be, 
with  the  lead  battery,  about  20,  and  the  highest  about  27.  You  can 
see  whereby  the  initial  voltage  of  the  Edison  cell,  being  only  1.23 
volts,  it  necessitates  a  larger  number  of  cells.  Moreover,  the  maxi- 
mum and  minimum  voltages  run  in  wider  ranges  than  on  a  lead  cell ; 
consequently,  in  order  to  prevent  burning  out  supervisory  and  line 
lamps  at  full  charge,  it  would  be  necessary  to  cut  in  counter  e.  m.  f. 
cells.  Mr.  Davis  neglected  to  state  how  he  built  up  counter  e.  m,  f. 
cells  with  an  ordinary  nickel  plate  and  an  iron  plate — two  plates,  fast- 
ened about  ^-inch  apart,  which  gave  a  counter  e.  m.  f.  of  about  2 
volts.  This  would  be  very  inexpensive,  and  probably  would  not  cost 
more  than  S3. 00  per  cell,  so  this  c.  e.  m.  f.  cell  cost  is  not  very  large, 
and  is  easily  gotten  around. 

Again,  a  disadvantage  with  the  cell  would  be  in  the  low  ampere 
and  watt  hour  capacities.  The  cell  would  be  a  good  one  to  use  in 
some  towns,  as  Mr.  Davis  cited,  where  the  attendant  knew  practi- 
cally nothing  about  the  storage  battery.  I  should  prefer  giving  an 
attendant  in  such  a  place  a  cell  of  this  kind,  because  it  is  covered 
over  and  the  chances  for  evaporation  are  not  nearly  so  great  as 
with  the  lead  cell,  and  there  would  not  be  as  much  danger  of  ruin- 
ning  it. 

Some  of  you  may  wonder  why,  in  some  of  the  tests  referred  to, 
the  electrolyte  was  left  out  of  the  cell  for  nine  days.  The  reason 
for  that  was  this  :  I  have  been  in  a  great  many  telephone  exchanges. 
In  some  I  have  actually  seen  one  or  two  cells  standing  in  the  cor- 
ner. On  asking  what  the  cell  was  there  for,  I  was  told  that  there 
was  something  wrong  with  it,  and  the  attendant,  not  knowing  what 
was  the  matter,  had  taken  the  cell  out.  When  he  came  to  put  it 
back  the  cell  did  not  work  satisfactorily,  and  to  his  evident  surprise 
it  did  not  recuperate.  With  this  test  of  nine  days  we  desired  to 
see  if  it  was  possible,  after  that  length  of  time,  to  put  the  cell  back 
into  normal  condition,  and  as  Mr.  Davis  has  shown  you  by  the 
curves,  he  was  able  to  get  about  50  per  cent  of  the  watt  hour 
capacity  out  of  the  cell,  even  after  that  bad  treatment. 

Another  good  point  in   connection  with  the  cell,  is  its  fine  me- 
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chanical  construction.  On  looking  at  a  piece  of  apparatus  that  is 
nicely  machined  and  covered  with  high  tint  lacquer,  etc.,  one  will 
admire  the  apparatus  and  workmanship.  The  storage  battery  is 
something  you  do  not  usually  look  at  very  carefully.  If  you  look 
at  the  Edison  cell  you  cannot  but  say  it  is  a  piece  of  good  work- 
manship, and  that  is  probably  why  the  initial  cost  of  the  cell  is 
high.  As  an  illustration  of  ,the  cost,  for  34  "E-18"  cells  of  the 
1 10  ampere  hour  Edison  type,  compared  with  the  equivalent  22 
**  E-7  "  cells  of  chloride  battery,  there  is  a  difference  in  cost  of  about 
$125.  For  the  next,  or  "  E-27  "  size,  there  is  a  difference  of  about 
Si 75;  and  for  the  largest,  or  "E-45  "  size,  of  180  ampere  hours' 
capacity,  there  is  a  difference  of  a  little  over  $200,  so  the  differ- 
ence really  means  quite  an  item. 

It  seems  to  me,  from  observation  and  from  Mr.  Davis'  investiga- 
tion, that  the  cell  is  primarily  an  automobile  battery,  and,  with  all 
due  regard  to  Mr.  Beck  and  his  exide  battery,  I  should  say  the 
Edison  battery  could  be  used  to  advantage  in  a  large  number  of 
towns. 

In  this  connection,  I  would  call  your  attention  to  the  fact  that  if, 
when  one  is  out  with  an  automobile  equipped  with  Edison  battery, 
he  sees  by  his  voltmeter  that  the  voltage  is  beginning  to  fall  down, 
he  knows  there  is  still  something  left,  due  to  the  secondary  dis- 
charge; but  if  the  machine  is  operated  by  a  lead  battery,  and  the 
voltage  begins  to  fall  rapidly,  he  knows  he  can  go  but  a  very  short 
distance  farther. 

Mr.  Smoot — One  of  the  most  valuable  features  of  the  ordinary 
lead  battery  is  its  very  low  resistance  on  short  cycles  of  charge  and 
discharge.  Such  a  feature  makes  a  battery  very  valuable  for  regu- 
lation on  fluctuating  loads.  It  would  appear  from  the  work  so  far 
along  on  the  Edison  battery  that  it  has  not  that  low  resistance 
feature. 

Mr.  Davis — From  the  tests  which  we  made  it  appeared  that  the 
internal  resistance  of  the  Edison  cell  was  very  low  indeed.  In  fact, 
it  seemed  to  be  about  75  per  cent  of  the  resistance  of  the  lead  cell 
of  a  similar  capacity. 

Mr.  Smoot — The  resistance  of  the  lead  cell  is  most  any  quantity 
you  want  to  make  it,  dependent  on  the  rates  of  charge  and  discharge. 

Mr.  Davis-  -The  determinations  of  the  internal  resistance  of  this 
cell  were  made  at  the  normal  discharge  rate  of  40  amperes,  and  I 
think  it  would  be  safe  to  say  that  the  relative  internal  resistance  of 
a  lead  cell  of  similar  capacity,  and  worked  at  its  normal  rate,  will 
show,  as  alreadv  indicated,  to  be  somewhat  greater  than  for  the 
Edison  cell. 

Mr.  Cochrane  -I  would  like  to  ask  what  the  efficiency  of  the 
ordinary  cell  was — I  understood  the  efficiency  of  the  ICdison  cell 
was  about  50  per  cent. 
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Mr.  /)(i:'2s  -The  efficiency  of  the  lead  cell  is  considerably  higher. 
The  ampere  hour  efficiency  runs  up  to  about  90  per  cent  on  a  large 
installation,  where  it  would  be  most  efficient.  The  watt  hour  effi- 
ciency would  be  somewhat  lower  say  from  70  to  75  per  cent, 
whereas  with  the  Edison  cell  the  ampere  hour  efficiency  is  about  60 
per  cent,  and  the  watt  hour  efficiency  only  about  50  per  cent. 

Jl/r.  lUuvicntJial  I  would  like  to  ask  Mr.  Davis  if  he  can  tell  us 
the  formula  for  the  nickel  oxide  and  also  for  the  iron  pxide.  He 
spoke  of  the  relative  weights  of  these  batteries,  now  perhaps  he  can 
tell  us  about  the  relative  space  required  for  the  use  of  the  Edison 
battery.  I  have  an  idea  that  a  special  automobile  or  an  attachment 
would  have  to  be  built  to  accommodate  the  extra  cells. 

In  regard  to  the  weight  you  give  for  the  watt  hour  efficiency  of 
a  lead  battery,  was  that  for  automobile  or  stationary  type.^ 

Mr.  Davis — The  stationary  type  was  considered — i.  e.,  the  type 
ordinarily  used  for  power  station  work.  An  Edison  battery  will 
occupy  less  space  than  this  station  type,  but  will  take  more  space 
than  the  special  automobile  type  of  lead  battery, 

A  list  of  the  oxides  of  iron  and  another  list  of  the  oxides  of 
nickel,  is  in  the  paper  presented. 

Mr.  Edison  has  advanced  the  chemical  equation,  Ni  O^  +  Fe  = 
Ni  O  +  Fe  O,  as  representing  the  chief  chemical  reaction  associ- 
ated with  the  discharge  of  the  cell.  .  Mr.  A.  L.  Marsh,  however, 
w^ho  has  made  a  considerable  investigation  of  the  electro-chemical 
theory  of  storage  batteries,  has  maintained  that  the  equation  Ni, 
O4  +  Fe  ^  Ni^  O.j  +  Fe  O  most  nearly  represents  the  change  that 
accompanies  the  discharge. 

'  Mr.  ScJicible — Are  all  of  those  oxides  used  in  the  cell,  or  is  there 
a  preponderance  of  certain  kinds  .-* 

Mr.  Davis — This  list  of  oxides  is  presented  merely  to  illustrate 
the  nature  of  the  two  metals.  The  actual  oxides  which  are  con- 
tained in  the  pockets  are  of  a  complicated  nature,  and  they  are  not 
generally  known.  I  was  unable  to  get  the  exact  formula"  for  them, 
as  they  are  kept  secret.  But  there  are  theories  which  give  certain 
formulae  which  are  rather  complicated,  and  I  did  not  attempt  to 
remember  or  present  them.  The  process  of  preparing  them  is 
also  rather  complicated. 

In  this  case,  after  the  tests,  I  noticed  that  there  were  to  be  seen 
particles  of  mercury,  indicating  that  mercury  entered  into  the  con- 
struction or  formation  of  those  oxides. 

Samples  of  oxides  submitted  to  the  speaker  for  examination 
showed  the  iron  oxide  as  a  fine  black  powder  while  the  nickel 
oxide  appeared  to  be  a  hard  green  amorphous  substance  of  a  gran- 
ular or  lumpy  texture. 

Mr.  Libby  You  will  notice  on  the  curve  that  some  of  tlie  one- 
hour  charges  are  at  60  or  70  amjicres.  These  tests  Mr.  Davis  maile 
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to  check  up  statements  made  that  the  cell  absorbed  about  two-thirds 
of  its  charge  in  one  hour,  and  we  found  that  to  be  actually  so — that 
the  cell  would  take  in  about  two-thirds  of  its  charge  in  the  first 
hour.  That  is  not  true  of  the  lead  battery,  by  any  means.  For 
the  first  two  or  three  hours  of  charge  after  the  lead  cell  is  fully 
discharged,  it  will  not  begin  to  show  any  rise  in  voltage,  nor  take 
in  any  considerable  proportion  of  the  charge.  In  justice  to  Mr. 
Beck,  I  would  like  to  modify  a  statement  I  made.  I  said  that  the 
internal  resistance  of  a  simple  Edison  cell  was  about  half  that  of 
the  lead  cell,  which  is  true;  but  taking  a  set  of  eleven  lead  cells, 
one  would  have  to  use  seventeen  of  the  Edison  cells  to  get  the  same 
voltage.  Hence,  the  over-all  internal  resistance  of  the  17-cell  Edi- 
son battery  would  be  only  slightly  lower  than  the  over-all  internal 
resistance  of  the  i  i-cell  lead  battery. 

Mr.  Smoot — I  would  like  to  ask  if  that  over-all  internal  resist- 
ance is  the  resistance  which  would  produce  the  difference  of  poten- 
tial between  the  discharge  and  subsequent  charge  with  i  ^3 -minute 
cycles  at  very  high  rates }  Do  you  find  the  behavior  of  the  Edison 
cell  similar  to  that  of  the  lead  battery  of  the  same  size  in  this 
respect ,'' 

Mr.  Davis — I  would  state,  in  this  connection,  that  many  of  these 
charges  were  at  rather  high  rates.  The  advised  charging  rate  is 
40  amperes;  but  there  are  many  experimental  charges  at  60  am- 
peres. The  idea  is,  that  these  oxides  are  not  good  conductors  of 
electricity.  However,  they  are  contained  in  pockets  which  are  of 
metal  and  hence  are  in  immediate  contact  with  good  conductors  of 
electricity;  therefore,  the  current,  in  passing  from  one  plate  to  the 
other,  does  not  all  pass  through  the  oxide  particles,  but  a  part  of  it 
will  go  direct  through  the  steel  plates  themselves,  and  at  the  sur- 
face of  the  steel  plates  water  will  be  broken  up  into  oxygen  and 
hydrogen.  I  ascribe  the  difference  in  voltage  to  be  due  partly 
to  this  polarization  effect.  A  variation  of  current  causes  a  corre- 
sponding small  variation  of  voltage,  the  latter  being  due  chiefly  to 
the  internal  resistance. 

Mr.  Hale — Will  Mr.  Davis  tell  us  whether  he  subjected  the  cell 
to  any  rough  usage  in  his  testis  to  determine  its  availability  for  auto- 
mobiling }  I  do  not  mean  the  usage  the  battery  would  receive 
while  exceeding  the  speed  limit  on  Michigan  avenue,  but  rather  its 
condition  after  completing  a  tour  through  South  Chicago,  Hege- 
wisch  and  Blue  Island,  for  example  t 

Mr.  Da7'is  -\We  did  not  exactly  play  football  with  the  cell;  in 
fact,  I  cannot  say  that  we  gave  it  any  rough  mechanical  usage  in 
the  tests.  However,  that  sort  of  test  has  been  given  to  it  pretty 
thoroughly  by  others.  If  you  will  read  reports  of  certain  auto- 
mobile runs,  you  will  find  that  in  very  long  runs   the  cell   holds  up 
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with  practically  no  depreciation.  The  cover  is  sealed  to  the  top  of 
the  can  when  the  plates  are  placed  inside.  In  the  process  of  charg- 
ing,  the  water  in  the  electrolyte  is  decomposed  and  occasions  a 
certain  amount  of  gassing,  which  escapes  through  a  kind  of  screen 
arrangement.  At  the  same  time  this  screen  arrangement  stops  the 
escapement  of  the  vapor  or  particles  of  the  electrolyte ;  otherwise, 
the  spray  would  escape  and  cause  a  rapid  loss  of  the  electrolyte. 
To  replace  the  boiling  away  of  the  liquid,  there  is  a  filler  arrange- 
ment with  a  spring  attachment,  when  it  is  desired  to  add  water  or 
electrolyte.  There  is  an  automatic  visual  indicator  attached,  by 
means  of  which  you  can  see  when  there  has  been  sufficient  liquid 
added.  The  cover  being  sealed,  there  is  no  means  of  determining 
the  amount  of  liquid  in  the  cell  by  looking  at  it  as  in  an  ordinary 
lead  cell. 

Mr.  A.  L.  Marsh — I  would  like  to  ask  a  question  regarding  the 
different  voltages  of  the  Edison  cell.  Is  there  a  rapid  fall  of  e.  m. 
f.  at  any  point,  or  is  the  drop  gradual.' 

Mr.  Davis — In  charging  the  battery  under  a  normal  charging 
rate  of  40  amperes,  the  voltage  at  all  times  comes  up  to  about  1.75 
volts,  and  then,  on  discharging,  it  drops  away  to  about  1.23  volts. 
While  there  is  a  slight,  graudual  decrease,  it  is  approximately  about 
1.23  throughout — that  is,  so  long  as  the  current  remains  constant. 

Mr.  Maj'sJi — Does  the  working  e.  m.  f.  fall  lower  than  1.23 
volts  at  any  stage.' 

Mr.  Davis — Yes;  first  we  have  the  so-called  primary  discharge. 
Beyond  this  point  it  falls  to  about  0.7  or  0.8  volts  and  continues  for  a 
comparatively  short  time  on  what  is  known  as  the  secondary  dis- 
charge. This  secondary  discharge  is  evidently  conducted  on  a  dif- 
ferent kind  of  oxide;  that  is,  a  lower  oxide,  and  the  chemical  action 
is  evidently  somewhat  different.  It  is  not  advisable  to  run  on  this 
secondary  discharge  because,  after  such  usage,  a  much  prolonged 
charging  is  necessary  to  get  the  cell  back  to  its  normal  primary  con- 
dition again.  This  is  not  generally  advisable  as  it  causes  low  effi- 
ciency, although  it  will  stand  charging  at  a  very  high  rate  and  the 
time  required  will  not  be  very  great.  For  instance,  no  injury 
comes  from  charging  or  discharging  at  100  amiperes  or  even  at  a 
higher  rate  for  the  "E  18"  cell  which  has  a  normal  rating  of  40 
amperes. 

Mr.  Marsh — Then  there  is  a  marked  drop  in  voltage  between 
the  primary  and  secondary  discharges.' 

Mr.  Davis — Yes  ;  there  is  an  abrupt  fall  between  the  primary  and 
secondary  discharges.  In  charging  there  is  no  distinction  between 
the  primary  and  secondary.  When  the  charging  is  begun  the  volt- 
age comes  right  up  to  very  nearly  the  highest  voltage. 

Mr.  Marsh — That  change  may  be  due  to  the  iron.      I   have  ex- 
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perimented  with  the  nickel  oxides  in  connection  with  other  metals 
such  as  cadmium  and  zinc,  and  as  a  general  thing  the  e.m.f.  falls 
gradually ;  there  is  a  gradual  fall  from  i  .6  volts  (or  it  may  run  as 
high  as  1.8  volts  on  full  charge)  down  very  gradually  to  nothing 
when  zinc  is  used  as  the  negative.  At  no  point  was  there  an  ab- 
rupt change. 

Mr.  Davis — Did  you  find  that  to  hold  true  with  the  nickel  and 
iron } 

Mr.  Marsh — I  did  not  experiment  with  the  iron  negative ;  sim- 
ply with  the  zinc  and  cadmium.  Only  one  oxide  is  formed  with 
these  metals,  whereas  with  iron  there  are  at  least  two.  This  may 
account  for  the  abrupt  drop  in  e.  m.  f.  noticed  in  the  Edison  cell. 

Mr.  Smoot — I  would  ask  what  might  be  expected  to  happen  if 
the  nickel  plating  should  be  imperfect  in  some  portion  of  the 
plates } 

Mr.  Davis — The  plates  are  of  steel — I  might  say  a  mild  form  of 
steel — nickel  plated.  The  case  also  is  nickel  plated,  but  there 
seems  to  be  no  action  of  the  electrolyte  on  the  iron,  even  unpro- 
tected. Of  course,  if  the  case  and  plates  were  not  nickel  plated 
where  exposed  to  the  atmosphere  they  would  oxidize  or  rust. 

Mr.  Smoot — My  point  was  more  with  reference  to  the  positive 
plate.  Should  the  nickel  plating  of  that  plate  be  imperfect,  what 
would  be  expected  in  consequence.'*  Would  not  the  plate  be  de- 
stroyed by  local  action } 

Mr.  Davis — I  think  no  serious  injury  of  the  plate  would  result. 
The  action  of  the  cell  depends  on  the  oxide,  and  so  far  as  the  plate 
is  concerned,  that  is  merely  a  support  to  hold  the  oxides. 

Mr.  Lunn — A  comparison  of  cells  used  in  automobiles  might  be 
of  interest.  Take  a  type  of  cell  one  size  larger  than  the  one  we 
have  heard  described — the  "E-27"  Edison — and  a  cell  of  the 
"Exide  13  M.V."  Express  type,  of  the  same  ampere  hour  capacity 
— 168  ampere  hours.  The  number  of  cells  generally  used  in  an 
automobile  battery  ranges  from  20  to  40.  Take,  for  mstance,  a 
40-cell  battery  of  the  "  Exide  "  type,  giving  a  pressure  across  the 
terminals  of  about  80  volts.  A  battery  of  64  cells  of  the  Edison 
type  is  required  to  give  the  same  terminal  pressure.  The  average 
voltage  of  an  Edison  cell  during  discharge  is  about  1.23  ;  the  aver- 
age voltage  of  an  "Exide"  cell  is  about  1.98.  The  weight  of  the 
"Exide"  battery  would  be  1,560  pounds;  of  the  Edison  type, 
1,120  pounds,  the  I*Ldison  battery  weighing  about  32  per  cent  less 
than  the  "  Exide."  The  cost  of  the  Edison  battery  would  be  about 
$960.00;  of  the  "Exide"  battery,  between  $550.00  and  $600.00, 
or  the  cost  of  .the  Edison  battery  is  almost  double  that  of  the 
"Exide."  The  watt  hours  per  pound  of  complete  cell  are  about 
1 1.8  for  the  Edison  type  and  about  8.5  for  the  "Exide"  cell.     The 


552  D/siussi(>/i—/uh'so»   .\'ii/<tl-/>un   Sluragc  Batlery. 

watt  hour  efficiency  is  the  most  important  point  in  comparison, 
that  of  the  Edison  cell  being  about  46  per  cent,  while  the  watt 
hour  efficiency  of  the  "  l*>xide"  cell  is  about  70  per  cent.  To 
be  sure,  these  figures  are  derived  from  laboratory  tests,  but  the 
same  factors  which  would  cause  these  figures  to  change  in  prac- 
tice in  one  case  would  likewise  affect  the  other,  so  we  could  expect 
the  same  difference  in  efficiencies  to  hold.  Take,  for  instance,  a 
machine  like  the  Montgomery  Ward  trucks.  The  actual  monthly 
cost  for  charging  current  at  10  cents  k.w.h.  would  be  in  the  neigh- 
borhood of  $60.00.  The  charging  current  for  an  Edison  battery 
of  the  same  k.w.h.  capacity  would  be  about  $90.00,  a  difference  of 
$30.00.  This  530.00  a  month,  for  a  year  and  a  half  (about  the 
life  of  a  lead  battery)  would  more  than  pay  for  a  new  lead  battery. 
So  I  do  not  see  where  the  great  saving  is  going  to  be  made  in  us- 
ing the  Edison  battery  in  place  of  the  lead  battery  for  automobile 
work,  especially  when  one  costs  S960.00  and  the  other  about  half 
that. 

Mr.  Beck — There  was  one  point  brought  out  in  regard  to  the 
action  of  the  Edison  cell  which  in  practical  work  would  make  that 
efficiency  still  lower  than  Mr.  Lunn  has  made  it;  that  is,  with  the 
lead  cell  you  are  able  to  tell  when  the  battery  is  charged  and  when 
it  is  time  to  discontinue  the  charge.  With  this  Edison  cell  you 
have  no  means  of  telling  just  how  much  e.  m.  f.  you  have  taken 
out  of  the  battery,  but  you  want  to  know  before  starting  out  the  next 
time  that  you  have  a  full  charge.  Under  these  conditions  the  only 
way  I  see  that  you  can  do,  is  to  give  it  a  full  charge  each  time,  and 
in  this  way  the  actual  efficiency  would  in  practice  be  very  much 
lower  than  the  relative  efficiency  of  the  two  types  of  cells  under 
laboratory  conditions. 

Mr.  Lu7in — In  that  connection  I  might  say  that  it  is  usually  the 
practice  to  figure  on  how  far  you  want  to  go  before  charging  the 
battery,  and  charge  accordingly.  In  some  cases  a  practice  is  made 
of  giving  the  battery  a  full  charge  after  every  partial  or  full 
discharge.  This,  of  course,  might  bring  down  the  efficiency  of 
the  battery  very  considerably. 

Another  point  in  connection  with  the  Edison  cell  is  its  mechan- 
ical strength.  The  sealing  on  of  the  cover,  however,  has  given 
the  Edison  people  a  great  deal  of  trouble.  They  now  make  a 
practice  of  fusing  instead  of  soldering  the  cover  on  to  the  cell 
proper,  so  as  to  keep  the  solution  from  eating  its  way  out.  Some 
of  the  earlier  batteries  gave  considerable  trouble  on  account  of 
leakage  of  the  electrolyte  around  the  cover,  due  to  imperfect 
soldering. 

I  think  there  is  fear  among  the  automobile  men  that  there  will 
yet  be  some  development  in  the  I'.dison  battcr^'  which  will  make  it 
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impractical  for  general  use  in  automobiles.  The  fact  that  the 
capacity  is  considerably  decreased  when  the  electrolyte  is  allowed 
to  fall  below  the  top  of  the  plates  is  something  which  is  likely  to 
frighten  them.  I  do  not  think  there  are  many  automobile  people 
operating  electric  rigs  who  have  not  at  some  time  suffered  from 
that  very  thing,  and  it  does  not  look  as  though  the  Edison  battery 
can  cure  this  foolish  and  expensive  carelessness.  Automobile 
people  must  learn  to  not  let  the  electrolyte  get  below  the  top  of 
the  plates  if  they  are  to  get  good  results  out  of  any  battery. 

Referring  to  the  mechanical  strength  of  the  Edison  cell,  I  saw  a 
cell  which  had  been  thrown  out  of  a  third  story  window  onto  the 
pavement.  It  was  not  broken  or  short-circuited,  and  continued  to 
work  all  right. 

Mr.  Hale — What  do  you  consider  the  practical  value  to  the 
automobilist  of  that  secondary  discharge  in  enabling  him  to  get 
home } 

Mr  Lunn — He  can  creep  home  on  the  secondary  discharge  if 
he  profits  by  the  warning  that  his  battery  is  nearly  discharged. 
A  person  who  has  operated  a  lead  battery  in  an  automobile  for  any 
length  of  time  knows,  however,  how  many  miles  he  can  run  after 
his  battery  shows  signs  of  distress,  and  unless  he  is  too  far  away, 
he  can  get  home  without  difficulty. 

Mr.  Marsh — I  have  tested  a  number  of  lead  batteries  and  find 
that  at  normal  discharge  rates  the  voltage  will  fall  to  certain  points 
and  remain  there  for  quite  a  length  of  the  discharge.  For  in- 
stance, in  one  case,  the  voltage  went  gradually  to  about  1.9  and 
held  that  to  nearly  the  end.  Therefore  the  best  way  to  determine 
the  state  of  charge  of  the  lead  cell  is  probably  by  the  density  of 
the  acid,  not  by  the  voltages  given.  In  the  Edison  battery  I  have 
understood  that  the  voltage  falls  gradually  during  the  whole  dis- 
charge, and  I  would  like  to  ask  whether  the  amount  of  that  fall 
would  not  in  some  measure  indicate  the  state  of  charge  of  the 
battery. 

Mr.  Davis — So  far  as  was  noted  in  the  tests  we  conducted  the 
fall  was  not  gradual  to  a  sufficient  extent  to  give  an  indication. 
That  is  to  say,  on  the  primary  part  of  the  discharge,  so  long  as  the 
current  was  maintained,  the  voltage  held  up  very  nearly  constant, 
until  the  primary  was  exhausted,  when  it  abruptly  fell  away  to  the 
secondary  part  of  the  discharge,  leaving  no  voltage  indication  on 
the  primary  which  would  be  reliable  or  practical  to  depend  upon. 

Mr.  Sinoot — In  regard  to  the  lead  battery  for  automobile  work, 
the  difficulty  has  not  been  to  make  a  good  lead  battery,  but  to 
teach  the  drivers  how  to  handle  their  battery.  For  instance,  bat- 
teries in  the  hands  of  the  skilled  operators  will  give  marvelous  re- 
sults as  compared  with  the  operation  of  batteries  in  general  use. 
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while  the  battery  in  the  hands  of  those  unfamiUar  with  it  will  give 
entirely  different  results.  It  appears  that  the  Edison  battery  has 
not  had  this  inexperienced  treatment  as  yet,  and  it  seems  to  me  a 
little  unfair  to  compare  it  with  practical  tests  on  the  lead  battery. 

Mr.  Davis — I  have  read  of  two  or  three  automobile  tests  where 
the  Edison  cell  has  been  used  in  automobile  work  sufficient  to 
demonstrate  quite  thoroughly  that  it  will  stand  up  in  actual 
tests.  Not  that  I  have  made  that  sort  of  test  myself,  but  I  feel 
well  satisfied  that  such  test  has  been  properly  made.  I  wish  to  ac- 
knowledge Mr.  Libby's  valued  assistance  in  connection  with  the 
tests  just  conducted. 

Ml'.  Libby — The  tests  made  by  Mr.  Davis  were  not  made  for  the 
purpose  of  finding  out  whether  this  was  a  good  automobile  battery, 
but  the  primary  object  was  to  find  out  whether  the  battery  was  a 
good  one  for  telephone  work.  It  has  been  previously  mentioned 
by  me  that  in  certain  cases  it  might  be  advisable  to  use  the  Edison 
battery  for  telephone  work,  but  the  tests  as  a  whole,  indicate  that 
practically  the  only  field  for  this  cell,  as  now  built,  is  in  automobile 
work. 

ADDENDA. 

Fig.  8  represents  results  of  certain  tests  made  by  the  Edison 
Storage  Battery  Company  at  their  own  laboratory. 
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KECi'LAR  MEETING— Septemlnr  7,  iqo4. 

A  regular  meeting  of  Ihe  Society  (No.  ">:.'())  was  held  in  tlu'  Society  Rooms, 
Monadnock  Block,  SeptemL)er  7th. 

'I'he  meeting  was  called  to  order  at  about  .S:o()  p.  m.  with  Mr.  W.  L.  Abbott, 
'.id  Vice-President,  in  the  Chair  and  about  5J  members  and  guests  present. 

As  the  Minutes  of  the  meetings  held  in  June  had  been  printed  in  the  August 
JoL'RN.M.,  the  reading  of  these  was  dispensed  with. 

The  Secretary  announced  that  the  Jioard  of  Direction,  at  their  meetings  of 
July  "jth  and  August  2d  had  elected  the  following  persons  into  membership  in  the 
Society  : 

Cieorge  W.  Brady,  Chicago,  Junior. 

F.  A.  Watkins,  Chicago,  Associate. 

Kempster  B.  Miller,  Chicago,  Active. 

Chason  W.  Brooks,  Chicago,  Junior. 

Lewis  M.  Martin,  Anita,  Iowa,  Junior. 

C.  M.  Ward,  Chicago,  Active. 

Leo  C.  O'Bryne,  Chicago,  Junior. 

Fred.  Norlin,  Chicago,  Active. 

The  Secretary  announced  the  loss  to  the  Society  of  three  Active  members,  as 
follows : 

June  11th,  1904,  Mr.  Guy  Miltimore,  of  Chicago. 

July  2Lst,  1904,  Mr.  A.  J.  TuUock,  of  Leavenworth,  Kan. 

August  20th,  1904,  Gen.  Charles  Fitz  Simons,  of  Chicago. 

Following  this  announcement  Mr.  Layfield  oftered  a  resolution  that  the  Presi- 
dent of  the  Society  appoint  such  committees  as  may  be  necessary  for  the  prepara- 
tion of  suitable  memorials  of  these  members.     The  resolution  was  adopted. 

Mr.  Liljencrantz  oftered  resolutions  on  behalf  of  the  Entertainment  Commit- 
tee, that  a  vote  of  thanks  be  extended  to  the  Illinois  Central  Railroad  Co.  and  to 
the  city  authorities  of  Kankakee  for  courtesies  extended  to  the  Western  Society  of 
Engineers,  on  the  occasion  of  their  excursion  to  Kankakee,  111.,  August  Pith,  1904; 
also  that  a  vote  of  thanks  be  tendered  to  the  Chicago  &  North-Western  Ky.  Co. 
for  courtesies  extended  to  the  Western  Society  of  Engineers  on  the  occasion  of 
their  excursion  to  Milwaukee  August  2()th,  1904.     These  resolutions  were  adopted. 

There  being  no  further  business  to  bring  before  the  Society  the  Chairman 
announced  the  subject  under  discussion,  "Fireproof  Construction,"  particularly  of 
floors. 

Mr.  J.  T.  Montgomery,  of  the  Society,  presented  his  paper  on  the  use  of 
Cinder  Concrete  for  such  purposes,  which  was  illustrated  by  lantern  slides  after 
the  reading  of  the  paper. 

Mr.  E.  \^  Johnson,  of  Chicago,  was  then  introduced,  who  presented  his  paper 
on  "FIoUow-Tile  Floor-Construction." 

A  general  discussion  followed  from  Herr  Hagn,  of  Germany,  and  Messrs.  Lay- 
field,  Mensch,  Blumenthal,  Condron,  Ashley,  Geo  I.  S.  Collins,  E.  \'.  Johnson  and 
J.  T.  Montgomery. 

The  meeting  adjourned  about  10:4.5  p.  m. 

EXTRA  MEETIXG—Sfpt.  21.  100.;. 

An  extra  meeting  of  the  Society  'No.  r)27)  was  held  Wednesday  evening,  Sep- 
tember 21,  in  the  Society  Rooms.  The  meeting  was  called  to  order  at  S:20  by  Mr. 
J.  W.  Alvord,  Trustee,  with  about  70  members  and  guests  present. 

The  Secretary  presented  an  invitation  which  had  been  sent  to  the  Western 
Society  of  Engineers  by  the  Chicago  members  of  the  Society  of  Chemical  Industry, 
to  attend  a  reception  tendered  to  the  visiting  members  of  that  Society  of  England, 
at  the  .\uditorium  Motel,  Friday  evening,  September  2IL 

There  being  no  further  business  to  come  before  the  Society,  Mr.  Leonce  Battu 
was  introduced,  who  presented  his  paper  on  "  The  Utilization  of  F'xhaust  Steam, 
the  paper  being  illustrated  by  lantern  slide  views.      \\.  the  conclusion  of  the  read 
ing   of    the    paper    (juite  a   lengthy   discussion     followed    from    Messrs.    Warder. 

.").")(■. 
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Howlett,  Smoot,  Alvord,  Jiinkersfeld,  Blumenthal,  Wellmann,  Cochrane,  Hine, 
Thurtell,  Watkins.  Tucker  and  Battii. 

On  motion  of  Mr.  Tratman,  a  vote  of  thanks  was  tendered  to  Mr.  Battn  for 
his  interesting  paper. 

The  meeting  adjourned  about  10  p  m. 

REGULAR   MEETIXG— October  j,  tQ04. 

A  regular  meeting  (No.  528)  was  held  in  the  rooms  of  the  Society,  October  5, 
190i. 

The  meeting  was  called  to  order  at  S;l.")  p.m.,  with  Past  President  Finley  in 
the  chair,  and  about  -15  members  and  guests  present. 

The  minutes  of  the  meetings  held  September  7  and  September  21  were  read 
and  accepted. 

The  Secretary  reported,  on  behalf  of  the  Board  of  Direction,  that  the  follow- 
ing persons  had  been  elected  into  membership  of  the  Society  since  the  last  regular 
meeting  of  the  Society; 

Jacob  G.  Young,  Morgan  Park,  111.,  .\ctive. 

James  B.  Marsli,  Des  Moines,  Iowa,  .\ctive. 

Oliver  A.  Hall,  Chicago,  Junior. 

F.  R.  Ahbe,  Sunrise,  Wyoming,  Active. 

E.  S.  Nethercut,  Chicago,  Active. 

Norman  D.  Eraser,  Chicago,  Associate. 

E.  R.  Skinner,  Chicago,  Junior. 

Emil  Kurtz,  Milwaukee,  Wis.,  Associate. 

H.  C.  Fuldner,  Milwaukee,  Wis.,  Active. 

James  T.  W'alsh,  Chicago,  Active. 

A.  M.  Blumenthal,  Chicago,  Junior. 

John  Harper,  Chicago,  Active. 

Gordon  C.  Abbott,  Chicago,  Junior. 

Also,  that  the  following  new  applications  had  been  received  : 

Frederic  W.  Lucke,  Chicago. 

Charles  .A.  S    Howlett,  Chicago. 

Augustus  J.  Reef,  Carterville,   111. 

Chas.  M.  Wilkes.   Chicago. 

Frederic  H.  P.  Howard,  Beloit,  Wis. 

Charles  T.  Anderson,  Chicago. 

Carl  W.  Birch-Nord,  Chicago. 

These  have  been  referred  to  the  Membership  Committee  for  consideration, 
in  the  usual  order. 

The  Secretary  presented  the  following  resolution,  submitted  by  Mr.  C.  L. 
Strobel,  Chairman  of  Committee  on  Courtesies  to  Foreign  Engineers: 

Resolved.  That  a  vote  of  thanks  be  tendered  the  Illinois  Central  Railroad 
Company  and  the  Atchison,  Topeka  &  Santa  F"e  Railway  Co,  for  courtesies  ex- 
tended to  the  guests  of  the  Western  Society  of  Engineers,  the  members  of  the  In- 
stitution of  Civil  Engineers  visiting  in  Chicago,  in  an  e.xcursion  to  South  Chicago 
and  the  Drainage  Canal  September  29,  1904. 

On  motion,  duly  seconded,  the  resolution  was  adopted. 

Prof.  Severance  Burrage,  of  Purdue  University,  was  then  introduced  who  pre- 
sented his  paper  on  "Sanitary  Betterments  of  Large  Industrial  Establishments." 
The  paper  was  illustrated  by  many  lantern  slides,  and  discussion  followed  from 
Messrs.  Finley,  McMeen,  Hedrick,  Dimick  and  Burrage. 

At  the  conclusion  of  the  discussion  Mr.  McMeen  offered  a  vote  of  thanks  to 
Prof.  Burrage,  on  behalf  of  the  Society,  for  his  interesting  and  instructive  paper, 
which  was  duly  carried. 

The  meeting  adjourned  at  about  10:00  p.  m. 

EXTRA  MEETING— October  14.  igo./. 

.\n  extra  meeting  of  the  Society  (No.  529)  was  held  Friday  evening,  October 
14th,  this  being  the  first  meeting  of  the  Electrical  Section  for  the  Fall  session.  The 
meeting  was  called  to  order  at  S:20  p.  m.  with  Mr.  Hale,  Chairman  of  the  Section, 
in  the  Chair,  and  about  (JD  mr-mbiirs  and  guests  present. 


558  Library  A'otfs. 

A  set  of  rules  for  the  government  of  the  Electrical  Section,  which  had  been 
prepared  by  the  Executive  Committee  of  the  Electrical  Section  last  Spring,  and 
since  then  revised,  were  read  by  the  Secretary,  and  after  some  discussion  of  the 
matter,  on  motion  of  Mr.  Eastman,  duly  seconded  and  carried,  the  rules  were 
accepted. 

Mr.  F.  M.  Davis,  M.  W.  S.  E.,  then  presented  his  paper — "Some  Notes  on 
the  Edison  Nickel-Iron  Storage  Battery,"  which  was  illustrated  by  lantern  slides. 

Discussion  followed  from  Messrs.  Hale,  Beck,  Ball,  Scheible,  Libby,  Smoot, 
Cochrane,  Blumenthal,  Marsh,  I.unn  and  Davis. 

The  meeting  adjourned  at  10:;50  p.  m. 

'•SMOKER" — October  iq,  igo^. 

The  Entertainment  Committee  invited  the  Society  to  a  "Smoker,"  which  was 
held  in  the  Society's  Rooms  Wednesday  evening,  October  It,  1!)04.  Owing  to  a 
convention  in  Chicago  of  the  Association  of  Railway  Superintendents  of  Bridges 
and  Buildings  many  members  of  the  Society  did  not  attend  the  Smoker,  but  nearly 
(iO  were  present,  who  seemed  to  enjoy  the  provisions  of  the  Entertainment  Com- 
mittee. 

The  Secretary,  in  a  fev/  words  of  explanation,  offered  for  the  consideration  of 
the  Society  the  question  of  an  excursion  this  Fall,  and  whether  to  St.  Louis  and 
Thebes  bridge,  or  to  Pittsburg.  This  was  done  as  a  guide  to  the  Entertainment 
Committee,  that  they  might  know  something  of  the  wishes  of  the  members.  Some 
discussion  followed,  but  the  matter  was  left  with  the  Committee. 

Lunch  was  provided,  and  the  "Smoker"  adjourned  about  10:00  p.  m. 

J.  H.  Warder,  Secretary. 

LIBRARY  NOTES. 

The  Library  Committee  wishes  to  express  thanks  for  donations 
to  the  hbrary. 

Since  the  issue  of  the  Joukx.vl  for  August,  1904,  we  have  the 
pleasure  to  report  the  following  additions  to  the  library  and  gifts 
from  donors  named : 

PUBLICATIONS  FROM   EDUCATIONAL  INSTITUTIONS. 

Armour  Institute  of  Technology,  Chicago.  Year  Book  1904-1905. 

Bulletin.  .American  School  of  Correspondence,  March.   1904. 

Art  Institute  Chicago,  Annual  Report  1902-1903 

Bradley  Polytechnic  Institute,  Peoria,  111.     Register  1903-1904 

Brooklyn  Polytechnic  Institute,  Brooklyn.  N.  Y.     Register  1904-1905. 

California,  University  of,  Berkely,  Cal.     Register  1903-4. 

Case  School  of  Applied  Science,  Cleveland,  Ohio.     Catalogue  1903-4. 

Clark  University,  Worcester,  Mass.     Collegiate  Dept.  Catalogue  1504. 

Clarkson  (Thomas  S.)  Memorial  School  of  Technology,    Pottsdam,  N.  Y.     Cata- 
logue 1904. 

Cornell  University,  Ithaca,  N.  Y.      Register  1902-1903. 

Drexel    Institute    of    Art,  Science    and    Industry,    Philadelphia,    Pa.      Year    Book 
1902-3. 

Georgia,  University  of,  .\thens,  Ga.      Register  1903-1904. 

Girard  College,  Philadelphia,  Pa.     Annual  Reports  and  c:atalogue  1903. 

Hamilton  College,  Kirkland,  N.  Y.     Annual  Register  1903-1904. 

Harvard   University,    Lawrence  Scientific  School,   Cambridge,    Mass.     Catalogue 
'1903. 

Haverford  College,  Haverford,  Pa.     Catalogue  1903-1904. 

Idaho,  University  of,  Moscow,  Idaho.     Catalogue  1903-1904. 

Illinois,  University  of,  I'rbana,  111.     Register  1903-1904. 

Iowa,  State  University  of,  Iowa  City,  Iowa.      Bulletins  No,  77,  7S,  79,  igo-i-igo;. 

Kansas,  University  of,  Lawrence,  Kan.    Catalogue  1903-;. 

Kenyon  College,  Gambler,  Ohio.    Catalogue  1903-4. 
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Lehigh  University,  South  Bethlehem,  Pa.    Register  1903-4. 

Lewis  Institute,  Chicago.    Annual  Register  1904. 

Maine,  I'niversit)'  of,  Orono,  Maine.    Catalogue  1903-4. 

Massachusetts  Institute  of  Technology,  Boston  Mass.    Catalogue  1903-4. 
Account  of  Foundation,  Character  and  Equipment,  1904. 

McGill  College  and  University,  Montreal.     Calendar  1901-2. 

Michigan  State  Agricultural  College — .\gricultural  College  {Mich.)Catalogue  1902-3. 

Michigan,  University  of,  Ann  .\rbor,  Mich.    Calendar  1903-4. 

Minnesota,  University  of,  Minneapolis,  Minn.   Year  Book  Engineers'  Society,  1904. 

Missouri,  University  of,  Columbia.    Catalogue  1903-4. 

Montana,  University  of,  Missoula,  Mont.      Register  1903-4. 

Nebraska,  University  of,  Lincoln.  Journal  of  Engineering  Society,  1904;  Calendar 
1903-4. 

Nevada  State  L'niversity,  Reno.    Register  1903. 

New  Hampshire  College  of  Agriculture  and  the  Mechanic  Arts,  Durham.    Cata- 
logue 1903-4. 

New  York  University,  School  of  Applied  Science.    Calendar  1904-5. 

Notre  Dame,  University  of,  Notre  Dame,  Ind.     Catalogue  1902-3;  and  Prospectus 
St.  Edwards  Hall,  1902-3. 

Pennsylvania,  University  of,  Philadelphia.    Catalogue  1903-4. 

Pennsylvania,  Western  University  of,  Pittsburg.    Catalogue  1903. 

Pennsylvania  Military  College,  Chester,  Pa.    Year  Book   1903. 

Pennsylvania  State  College,  State  College,  Pa.    Catalogue  1903-4. 

Rensselaer  Polytechnic  Institute,  Troy,  N.  Y.    Catalogue  1904. 

Rose  Polytechnic  Institute,  Terre  Haute,  Ind.    Catalogue  1904. 

Stevens  Institute  of  Technology,  Hoboken,  N.  J.    Catalogue  1903-4. 

Swarthmore  College,  Swarthmore,  Pa.    Calendar  1903-4. 

Syracuse  University,  Syracuse,  N.  Y.    Catalogue  1904. 

Tennessee,  University  of,  Knoxville,  Tenn.    Calendar  1904-5. 

Texas,  University  of,  Austin,  Texas.    Catalogue  1903-4. 

Tuft's  College,  Mass.    Catalogue  1903-4. 

Tuskegee  Normal  and  Industrial  Institute,  Tuskegee,  Ala.    Catalogue  1903-4. 

Vanderbilt  University,  Nashville,  Tenn.    Register  i-;o3-4 

Washington  University,  St.  Louis,  Mo.     Catalogue  1903-4 

Williams  College,  Williamstown,  Mass.    Catalogue  1903-4. 

Wisconsin,  University  of,  Madison,  Wis.    Catalogue. 

W'ooster,  University  of,  Wooster,  Ohio.    Catalogue  1903-4. 

Worcester  Polytechnic  Institute,  Worcester,  Mass.    Catalogue  1903-4. 

Yale  University,  New  Haven,  Mass.    Catalogue  1903-4. 

BOOKS  PURCHASED. 

Handbook  of  Practical  Gas  Fitting,  by  Walter  Grafton. 

Timber,  by  Paul  Charpentier. 

Coal  Statistics  for  1904,  by  Alder  Sc  Ruley,  Philadelphia. 

MISCELLANEOUS  GIFTS. 

University  of  Illinois,  Pam.  Bulletin,  Vol.  I,  No.  20,  "The  Coals  of  Illinois,  their 
composition  and  analysis,"  by  S.  W.  Parr. 

University  of  Illinois,  "Chemical  Survey  of  the  Waters  of  Illinois,  reports  for  the 
years  1897-1902."     By  Palmer. 

Ripley,  Jos.,  M.  W.  S.  E.,  Sault  Ste.  Marie,  Mich.  "Statistical  report  of  lake 
commerce  passing  through  canals  at  Sault  Ste.  Marie  (Mich- 
igan and  Ontario),  19U3.     Pam. 

Michigan  Horticultural  Society,  "82d  annual  report  of   Michigan,  1902."     Cloth. 

Michigan,  City  of  Petoskey,  Board  of  Public  Works  (Fred.  T.  Williams,  City  En- 
gineer;, two    pamphlets,  1st    and  2d  annual  reports,  1903-4. 

Maignen,  P.  J.  A.,  Philadelphia.  "The  Lower  Roxborough  I'reliminary  Filters, 
1904."     Pam. 

City  Club  of  Chicago,  "Report  on  Police  Discipline  and  Administration,"  by 
Piper.      Pam. 

Wright  &  Co.  (Alexander)  London,  "Description  of  Simmance-Abady  Photome- 
ter."    Pam. 
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University  ot    Montana,    Missoula,    Mont.      "Announcement    of    Inter-Scholastic 
Meet,    1904.      Bulletin    No.    21.      "Lichens   and   Mosses    of 
Montana,  Bulletin  No.  19."     Two  pam. 
Walnisley,  K.  MuUineaux,  London,  (Principal,  Northampton  Institute)  "Transat- 
lantic Engineering  Schools  and  Engineering,  1001."     Pam. 
Strobel,  C.  L.,  M.  W.  S.  E.,  Chicago: 

"Water  Supply  and   Irrigation   Papers,  Nos.  SI,  00,  01."     Pam. 

U.  S.  Geol.  Survey  Bulletins  Nos.  2H-21(i."      Pam. 

Technisches  Auskunftsbuch  fiir  das  Jahr   1004,  by  Joly.     Cloth. 
Tratman,  E.  E.  R.,  M.  W.  S.  E.,  Chicago: 

"Report  R.  R.  &  W,  Com.  of  Ills.,  1003."     Flexible  leather. 

"Decisions  and  Opinions  1880-10().'{. ''     Flexible  leather. 

"Traite  Theorique  et  I'ratique  de  Metallurgie  Generale,  "  by  L. 
Babu.     Cloth. 

"0th,  10th,  13th  and  10th  annual  reports  Illinois  Society  of 
Engineers  and  Surveyors." 

"Administration  Report  on  the  Railways  in  India  for  calendar 
year  1002."     Bds.     By  A.  Brereton. 

".administration  Report  of  the  Railways  in  India  for  calendar 
year  1003."     By  Hodson.     Bds. 

"A  Clean  Chimney — the  Economical  Burning  of  Coal  without 
Smoke,  "  by  A.  Bement.     Cloth. 

"Proceedings  of  the  30th  annual  convention  of  the  Association 
of  Ry.  Sups,  of  Bridgeis  and  Buildings,  Oct.  1003."     Pam. 

"Coal  is  King,"  by  Huyette,  M.  C.     Cloth. 

"Controledes  Installations  Electriques, "  by  Monmerque.     Cloth. 

"Annual  Report  of  the  Dept.  of  Railways  and  Canals,  Dominion 
of  Canada,  1001-2."     Pam. 

"Report  of  Commission  of  Irrigation  and  Water  Rights,  Terri- 
tory of  Mexico,  Dec.  15,  1808."     Pam. 

"Final  Report  of  Committee  on  Standard  Specifications  for 
Cast-iron  Pipe. "     Pam. 

"Journal  of  the  New  England  Water  Works  Association,  June, 
1002."     Pam." 

Sundry  Journals  W.  S.  E.     Pams. 

"Letter  from  the  Secretary  of  War,  House  of  Representatives." 
I'am. 

PIniversity  of  Illinois,  Bulletin,  Vol.  I,  No.  20,  "The  Coals  of 
Illinois,"  by  S.  W.  Parr. 

"Notice  sur  le  Port  de  Ponta-Delgada,  Exposition  Universelle 
De,  1000."     Pam. 

"New  South  Wales  Government  Railways  and  Tramways,  Re- 
port of  the  Railway  Commissioners  for  the  year  1002-3." 
Pam. 

"The  Fish  Propeller,"  Limbeck.      1004.      Pam. 

"Belleville  Generators,"  (in  French  and  English).     Pam. 

"International  Assoc  n  St.  Ry.  and  Light  Rys.  "   (German).    Pam. 
McGraw  Publishing  Co.,  New  York,  two  cloth  bound  books,  "Types  and  Details 
..-^  of    Bridge  Construction,"   by  Frank   Skinner.      "Maxwell's 

Theory  and  Wireless  Telegraphy, "  by  Poincare  and  \'reeland. 
Michigan  Military  Academy,  Orchard  Lake,   "Views  of  the  Academy  and  its  Sur- 
roundings."    Pam. 
Michigan  College  of  Mines,  Year  Book  of  the  Michigan  College  of  Mines,   Hough- 
ton, Mich.,  1903-4.     Pam. 

Graduates  of  the  M.  C.  of  C,  June,  1904.     Pam. 
Richardson    Clifford,    "The    Constitution    of   Portland  Cement  from    a   Physico- 

Chemical  Standpoint."     Pam. 
Lawrence,  Mass.,  Water  Board,   "Annual  report  of  the  Water  Board  to  the  City 

Council  of  Lawrence,  for  the  year  1003."     Pam. 
Newport,  Kentucky,  Water  Works,  W.  L.  Glazier,  Supt.,  five  pamphlets,  ".\nnual 

reports  1898,  1890,  1000,  1002." 
Illinois   Manual  Tiaining  School    Farm,    Glenwood,    111.,     "lOth    annual    report, 
1902-3." 
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Danville,    Va.,    Water,    Gas,    and   Electric  Light   Departments,    "Annual  reports 

dated  May  10,  1904,  for  1903."     Pams. 
Philadelphia  Bureau  of  Surveys,  Geo.   S.  Webster,  Chief    Engr.,    "First  annual 
message  of  Mayor  Weaver  and  annnal  reports  Dept.  Public 
Works,  etc.,  Bureau  of  Surveys."     Cloth. 
Rafter,  G.  W.  Rochester,  N.  Y. : 

"Treatment  of  Septic  Sewage,"  by  Rafter.     Bds. 

"Report  of    the  State  Water  Storage  Commission,  with    list    of 

plates  illustrating  the  text  of  this  report,  1903."     Pams. 
Also   "Report  of  the  State  Water  Storage  Commission,  1903  " 

Cloth. 
"American  Society  of  Civil  Engineers,   'The  Flow  of  Water  over 

Dams.' "     Pam. 
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The  Constitution  of  Portland  Cement,   from   a   physico-chemical   standpoint. 

Clifford  Richardson.     An  address  before  the  Association  of  Portland  Cement 

Manufacturers,  Atlantic  City,  N.  J.,  June  15,  1904.     Research  Division,  New 

York  Testing   Laboratory,   Long  Island  City,    N.  Y.,    1904.     Pamphlet,   6x9 

inches,  20  pp. 

The  author  is  first  giving  a  brief  review  of  the  investigations  made  previously 
by  others  and  theories  deducted  therefrom,  which  are  confirmed  by  his  own 
observations. 

A  description  follows  of  synthetically  prepared  silicates  and  aluminates  of 
various  definite  basicity,  giving  specific  gravity,  hydraulic  properties  and  micro- 
scopical characteristics,  which  show  that  the  author  has  given  a  great  deal  of  time 
and  systematic  study  to  the  subject. 

After  these  preliminary  studies,  the  author  advances  a  most  interesting  and 
original  theory  of  the  constitution  of  cement  clinker  as  a  solid  solution  of  the 
various  constituents.  He  illustrates  his  theory  by  other  simpler  compounds  which 
are  more  definitely  known,  and  treats  this  very  coiuplex  subject  in  a  manner  which 
gives  the  reader  a  clear  conception  of. his  ideas.  He  opens  a  very  large  field  for 
investigation,  which  he  later  on  covers  to  a  larae  extent  by  further  systematic  ex- 
periments. The  composition  of  "alite"  seems  definitely  determined  as  being 
tricalcic,  both  in  silicate  and  aluminate. 

We  do  not,  however,  follow  the  author's  argument  when  he  says  that  clinker 
containing  a  large  amount  of  alumina  would  recpiire  closer  regulation  than  one  low 
in  alumina.  It  would  seem,  on  the  contrary,  from  the  tables  shown,  that  in  order 
to  obtain  the  same  relative  change  in  formula  in  the  case  of  high  alumina,  a  change 
of  4  per  cent  in  lime  must  take  place,  against  2.1  percent  in  the  case  of  low 
alumina. 
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The  author  points  out  a  number  of  vaUiable  conclusions,  which  should  be  very 
useful  to  nianufacturtsrs  of  cement,  and  we  hope  that  these  investigations  so  ably 
outlined  by  the  author  will  be  continued,  and  that,  as  he  sugK^^^'s.  'he  Association 
of  Portland  Cement  Manufacturers  may  establish  a  laboratory  for  the  prosecution 
of  such  work. 

The  pamphlet  as  a  whole  is  by  far  the  best  and  most  thorough  treatise  on  this 
subject  ever  published  J.    G.    B. 

Notes   on   Hydrology,  and  the  Application  of  Its  Laws  to  the  Problem  of 

Hydraulic  Engineering.     \i\  Daniel  \V.  Mead,  Member  American  Soc.  C.  E., 

Professor  of  Hsdraulic  and   Sanitary  Engineering,  University  of  Wisconsin, 

1904.      202  pages,  numerous  tables,  maps  and  diagrams. 

This  little  volume  is  not  only  of  considerable  value  to  the  engineering  student, 
for  whom  it  was  probably  prepared,  but  will  be  found  ver\' useful  to  the  practicing 
hydraulic  engineer,  particularly  for  the  reason  that  the  information  contained  is 
very  largely  reduced  to  maps,  tables  and  diagrams,  carefully  arranged,  making  it 
a  work  of  ready  reference.  The  diagrams  are  intelligible,  well  drawn,  and  bound 
in  such  manner  as  to  be  readily  consulted.  Each  chapter  is  followed  by  an  excel- 
lent bibliograph  of  the  subject  treated. 

The  author  defines  "  hydrology"  as  the  "Science  of  Water."  "Hydrology 
in  its  broadest  extent  treats  of  the  properties,  laws  and  phenomena  of  water,  of  its 
physical,  chemical  and  physiological  relations,  of  its  distribution  and  occurrence 
over  the  earth's  surface  and  within  the  geological  strata,  and  of  its  sanitary,  agri- 
cultural and  commercial  relations." 

The  attempt  has  evidently  been  made  to  define  the  limits  of  the  every-day 
problems  of  the  hydraulic  engineer  without  going  into  the  ways  and  means  of  the 
development  of  water  supplies  and  water  powers. 

The  text  matter  is  largely  elementary,  and  is  evidently  intended  for  the  student 
rather  than  the  engineer;  the  chief  value  of  the  work  to  the  engineer  lies  in  the 
compilation  of  data  relative  to  the  physical  properties  of  water,  rainfall,  and  the 
disposal  of  the  rainfall 

Chapter  II,  treating  of  the  physical  properties  of  water,  contains  much  con- 
densed valuable  information,  and  will  be  often  consulted.  The  chapter  contains 
tables  of  unit  weight  under  various  temperatures,  the  effect  on  weight  of  solutions, 
some  characteristics  of  sediment  bearing  rivers,  aqueous  vapor,  its  characteristics, 
and  energy,  etc. 

Chapter  V  treats  of  hydro- geology,  that  part  of  the  geological  science  which 
has  to  do  with  the  relations  of  water  within  the  earth's  structure.  The  hydro- 
geological  maps  of  the  Upper  Mississippi  Valley  and  the  numerous  well  sections 
and  characteristics  in  this  region  are  particularly  valuable. 

Chapter  VI.— Physiography  of  the  United  States  contains  a  good  map  of  rela- 
tive elevations. 

Chapter  VII. — Rainfall  is  almost  entirely  diagramatic,  the  U.  S.  map  showing 
distribution  is  good;  other  diagrams  illustrate  seasonal  variations  and  intensity  of 
rainfall  in  different  localities. 

Chapter  VIII. — The  disposal  of  the  rainfall,  contains  an  excellent  map  of  the 
United  States,  showing  relative  run-off  and  also  the  relative  evaporation  in  different 
sections.  The  subject  of  percolation,  evaporation  and  water  required  by  vegeta- 
tion are  here  considered. 

Chapter  IX. — Stream  Flow,  contains  many  ingenious  diagrams,  showing  the 
extreme  variability  of  the  problem.  A  table  is  given  showing  the  drainage  area, 
rainfall  and  run-oft  of  over  300  watersheds,  .\merican  and  foreign.-  A  diagram  of 
maximum  flood  discharges  in  reference  to  drainage  areas  is  excellent.  Monthly 
and  seasonal  run-offs  are  also  treated. 

Chapters  X  and  XI  treat  of  ground  water  and  surface  water,  respectively.  A 
map  is  shown  of  the  U.  S.  artesian  area  and  diagram  of  the  water  fluctuations  of 
the  great  lakes. 

Short  chapters  follow,  treating  of  the  hydrometer  of  streams,  the  ice  season, 
and  the  chemistry  of  natural  water.  In  the  latter  chapter  are  given  tables  show- 
ing chemical  analysis  of  representative  waters. 

The  matter  treated  of  in  this  book  has  heretofore  been  only  partially  covered 
in  essh  of  numerous  works  upon  water    supply  and  watfer   power.     The  idea  of 
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enclosing  this  information  under  one  cover  is  believed  to  be  most  excellent,  and 
it  is  hoped  and  believed  that  this  collection  of  notes  by  one  who  has  been  for  many 
years  in  active  contact  with  these  problems,  will  be  extended  and  enlarged,  form- 
ing a  treatise  upon  a  subject  which,  although  of  basic  importance,  has  heretofore 
been  only  fragmentarily  treated.  C.   B.   B. 

Cements,  Mortars   and  Concretes — their  Physical    Properties.     By  Myron    S. 

Falk,    Ph.D.,    Columbia    University,    New    York.     M.   C.    Clark,    New  York. 

Cloth,    6x9  inches,    176  pages,    including  index.     Many  tables,  diagrams  and 

illustrations  through  the  text.      Price,  $2. 50. 

This  is  a  valuable  contribution  to  American  cement  literature.  It  covers 
much  of  the  recent  data  on  the  physical  properties  of  concrete  as  determined  by 
numerous  laboratory  tests  by  experts  at  home  and  abroad,  which  has  heretofore 
been  scattered  through  books  and  journals.  It  covers  almost  every  kind  of  test  to 
which  concrete  can  be  submitted  to  ascertain  its  identical  properties  as  a  material 
of  construction. 

The  tensile  and  compressive  strength  tests  are,  as  a  rule,  short  time  tests. 
The  author  (on  page  133)  adheres  to  the  opinion  that  concrete  does  not  apprecia- 
bly gain  in  strength  after  three  months.  While  this  theory  might  obtain  with  an 
absolutely  sound  cement,  in  which  the  chemical  aflinities  were  perfectly  balanced 
with  the  mixing,  setting,  hardening  and  ageing  taking  place  at  the  most  favorable 
temperature,  the  commercial  I^ortland  cements  of  today  do  not  reach  this  ideal 
state  of  perfection.  The  finer  a  cement  is  ground,  the  sooner  will  it  develop  its 
ultimate  strength.  Eminent  English  cement  experts  adhere  to  the  opinion  that 
while  a  coarsely  ground  cement  will  not  develop  its  ultimate  strength  as  early  as 
a  finer  ground  cement,  it  will  in  time  develop  a  much  higher  tensile  and  com- 
pressive strength  than  the  finer  ground  material. 

The  text  is  clear,  lucid,  and  to  the  point.  The  matter  is  well  arranged  and 
classified  under  numerous  sub-heads,  which  are  numbered,  making  the  data  con- 
venient for  ready  reference.  It  also  enables  the  reader  to  turn  at  once  to  the  page 
for  any  particular  data  given  in  the  text. 

The  book  places  before  the  reader  the  leading  facts  developed  by  the  physical 
testing  laboratories  of  the  world  in  relation  to  the  physical  properties  of  cements, 
mortars  and  concrete. 

The  book  should  be  in  the  hands  of  all  engineers  engaged  in  concrete  con- 
struction. W.   S. 

Self-Propelied  Vehicles.  A  practical  treatise  on  the  Theory,  Construction,  Oper- 
ation, Care  and  Management  of  Automobiles.  By  James  E.  Romans.  New 
York;  Theo.  Audel  &  Co.  Second  revised  edition,  1904.  Cloth,  S>^x8?/( 
inches,  652  pages,  including  index;  461  illustrations,  and  portrait  of  Daimler, 
"Father  of  the  Automobile."     Price,  $2.00. 

This  is  a  work  intended  to  meet  the  needs  of  the  automobile  public,  covering 
the  most  important  features  of  that  class  of  vehicles.  It  is  gratifying  to  note  that 
the  author  omits  a  great  deal  of  historical  information  which  might  have  been  used 
to  fill  up  space  and  be  of  interest  only  in  showing  what  should  not  be  done  again. 
There  are  innumerable  types  of  machines,  novel  in  design,  beautiful  in  outward 
appearance,  but  equipped  with  propelling  machinery  on  the  "freakish"  order  and 
utterly  unfit  for  the  severe  service  that  automobiles  are  usually  subjected  to.  The 
author  has  described  several  such  machines,  and  has  given  them  space  which  might 
well  have  been  given  to  more  up-to-date  types.  The  automobile  public  is  not  an 
engineering  class  and  does  not  design  machines  in  whole  or  in  part,  and  should  be 
spared  the  danger  of  becoming  "muddled"  and  unable  to  decide  for  itself  what 
design  of  this  or  that  part  is  most  serviceal)le.  It  needs,  rather,  advice  as  to  the 
proper  manner  of  handling  the  machines  it  now  has  The  author  could  better 
have  served  this  purpose  had  he  omitted  some  of  the  chapters  on  obsolete  or  little 
used  types  and  given  more  attention  to  up-to-date  machines.  Particularly  is  this 
true  of  the  chapters  on  electric  vehicles  and  on  storage  batteries.  Some  of  the 
deductions  are  not  only  unimportant  but  misleading,  and  should  be  reconsidered 
before  the  next  edition  i^published.  The  chapters  on  gasoline  machines  are  much 
more  complete  and  would  indicate  that  more  importance  had  been  attached  to  the 
discussion  of  that  class  of  machines  than  to  any  other.     This  would  naturally  be 
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the  case,  as  the  number  and  variety  of  gasoline  machines  are  far  in  excess  of  other 
classes.  A  brief  description  is  given  of  the  engine  and  of  special  features  of  nearly 
all  of  the  American-made  cars  and  of  the  better  known  cars  of  foreign  manufac- 
ture. One  criticism  which  might  be  made  on  the  manner  of  treating  the  subject 
tliroughout  is  the  lack  of  the  author's  own  opinion  as  to  the  relative  merits  of  the 
various  designs  of  parts  which  enter  into  the  make-up  of  a  self-propelled  vehicle 
of  any  class 

The  book  may  be  considered  the  most  complete  of  its  kind  on  sale,  and  while 
it  is  not  all  that  could  be  desired  to  cover  the  needs  of  automobile  users,  it  is  well 
worth  careful  reading.  E.    L. 

Reinforced  Concrete.  By  A.  W.  BuellandC.  S.  Hill.  New  York:  The  Engineer- 
ing News  Publishing  Co.  Cloth,  (i x !)  in.,  pp.  4)M,  with  index,  and  WW  illus- 
trations in  the  text.     Price  $5.00. 

The  growth  in  the  application  of  reinforced  concrete  in  the  United  States 
during  the  past  few  years  has  been  very  marked.  This  rapid  growth  has  produced 
many  conflicting  opinions  regarding  the  subject.  Difference  of  opinion,  however, 
leads  to  a  more  thorough  investigation,  with  the  result  that  the  truth  is  more 
firmly  established  in  the  end. 

In  order  that  a  subject  may  be  understood,  it  is  necessary  that  books  be  writ- 
ten on  the  subject.  The  treatise  before  us  is  the  first  work  on  reinforced  concrete 
to  appear  in  the  United  States.  For  sometime  the  need  for  literature  on  reinforced 
concrete  has  been  greatly  felt;  this  mode  of  construction  is  more  discussed  at  pres- 
ent than  ever  before,  so  the  advent  of  this  book  is  all  the  more  opportune,  and  it 
will  be  welcomed  by  engineers,  designers,  students  and  others. 

From  the  preface  we  will  cjuoie  as  follows;  "In  preparing  this  book  the  au- 
thors have  had  in  mind  a  treatise  for  designing  and  constructing  engineers  follow- 
ing American  practice  and  governed  by  the  conditions  which  prevail  in  America. 
Theoretical  discussions  have  been  omitted,  and  in  their  place  have  been  supplied 
practical  working  formulas,  examples  of  representati\'e  structures,  and  records  of 
actual  practice  in  the  selection  of  materials  and  of  methods  of  workmanship  and 
construction." 

The  book  comprises  three  divisions; 

Part  I,  entitled  Methods  of  Calculation,  is  written  by  A.  W.  Buel.  Part  II, 
Representative  Structures,  and  Part  III,  Methods  of  Construction,  are  by  C.  S.  Hill. 
In  Part  I  are  given  many  practical  formulas,  covering  the  entire  field  of  rein- 
forced concrete.  Under  the  head  of  beams,  several  of  the  leading  formulas  de- 
rived by  prominent  engineers  are  given.  The  results  of  several  series  of  beam 
tests  are  also  given,  so  that  ample  opportunity  is  afforded  for  comparing  the  theo- 
retical and  the  practical  phases  of  beain  construction.  In  the  chapter  on  arches, 
several  practical  examples  are  given  illustrating  the  application  of  the  formulas. 
This  chapter  cannot  fail  to  interest  many  engineers  who  have  to  do  with  that  most 
difficult  application  of  reinforced  concrete — the  arch. 

In  Part  II,  structures  in  reinforced  concrete,  both  in  the  United  States  and  in 
Europe,  are  described.  These  examples  embrace  every  class  of  structure  that 
could  have  been  built  of  steel,  masonry,  or  timber.  The  great  variety  of  examples 
cited  show  that  reinforced  concrete  has  a  wider  range  of  practical  application 
than  has  any  other  material  of  construction.  Examples  of  the  smaller  applica- 
tions of  reinforced  concrete  are  not  omitted. 

In  Part  III,  entitled  Methods  of  Construction,  are  first  described  many  of  the 
symptoms  of  reinforced  concrete  in  use  in  this  country  and  Europe.  Practical 
information  regarding  the  handling  of  materials,  methods  of  concreting,  construc- 
tion of  falsework,  etc.,  is  given.  One  chapter  is  devoted  to  methods  of  facing  and 
finishing  exposed  concrete  surfaces. 

In  conclusion,  it  may  be  stated  that  the  book  is  well  written,  the  arrangement 
and  paragraphing  of  subjects  are  easy  to  follow,  and  the  index  renders  the  volume 
a  ready  reference  book.  A.  L. 

Maxwell's  Theory  and  Wireless  Telegraphy.      By   Frederick   K.    Vreeland,    New 
York.     McGraw  Publishing  Co.     Cloth,   6x8  inches, '^ss   pages,  145  illustra- 
tions in  the  text,  and  full  index.      Price  $2.00. 
To  those  of  us  who  are  not  gifted  with  vigorous  imagination  it  is  sometimes  a 
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difficult  matter  to  gain  ah  adequate  comprehension  of  electrical  phenomena, 
especially  when  the  action  is  of  the  complicated  character  of  that  which  occurs  in 
the  production  and  propagation  of  Hertzian  oscillations.  Our  ability  to  liken  the 
ilow  of  the  electric  current  in  a  wire  to  that  of  water  in  a  pipe  is  of  considerable 
assistance  in  forming  a  conception  of  direct  current  phenomena;  this  similie  fails, 
however,  when  we  have  to  deal  with  alternating  current  effects,  and  new  ana- 
logies are  necessary  to  enable  the  mind  to  grasp  the  significance  of  the  action. 

Perhaps  as  clear  and  at  the  same  time  accurate  a  word  picture  as  has  ever 
been  drawn  of  the  modern  conception  of  electrical  phenomena  as  first  expressed 
by  Maxwell,  is  the  classic  essay  of  Poincare  on  Maxwell's  Theory  and  Hertzian 
Oscillations,  which  first  appeared  in  1899;  and  in  selecting  this  treatise  as  the 
foundation  for  his  volume,  Mr.  Vreeland  has  chosen  well.  The  translation  has 
been  well  made,  and  the  only  defect  which  existed  in  I^oincare's  essay  in  its  orig- 
inal form  has  been  corrected  by  the  addition  of  a  number  of  illustrations  which 
present  with  commendable  clearness  the  mechanical  analogues  of  the  electrical 
forces,  as  described  in  the  text.  Little  need  be  said  of  this  essay,  which  consti- 
tutes the  first  division  of  the  volume,  as  it  is  too  well  known  and  its  merits  too 
generally  appreciated  to  require  any  extended  mention.  Its  twelve  chapters  are 
devoted  to  a  logical  development  of  the  theory  establishing  the  relationship  be- 
tween light  and  electric  waves,  each  step  in  the  process  being  supported  by  experi- 
mental proof  and  illustrated  by  mechanical  analogy.  Mathematics  is  entirely 
eliminated  and  the  whole  matter  is  reduced  to  its  simplest  terms. 

From  the  first  conception  by  Maxwell  of  the  true  nature  of  the  action  in- 
volved in  the  propagation  of  electrical  disturbances  to  the  complete  proof  of  this 
conception  and  the  establishing  beyond  peradventure  of  the  identity  in  kind 
between  light  waves  and  electric  waves  each  stage  in  the  advance  is  lucidly  cov- 
ered; the  recognition  of  the  necessity  of  producing  alternating  currents  of  ex- 
tremely high  frequency  in  order  to  obtain  measurable  displacement  currents;  the 
determination  of  the  nature  of  the  Leyden  jar  discharge,  and  the  genesis  of  the 
oscillator  as  a  means  for  the  production  of  the  required  high  frequency  currents; 
the  development  of  the  resonator  and  the  various  devices  for  detecting  and  meas- 
uring the  oscillatory  currents  set  up  in  it;  then,  through  the  agency  of  the  produc- 
ing and  detecting  devices,  the  determination  of  the  wave  length  of  a  disturbance 
propagated  along  a  wire,  the  determination  of  the  wave  length  of  the  disturbance 
in  free  air,  and,  by  comparison  of  the  two,  the  conclusive  proof  that  the  velocity 
of  the  light  wave  are  the  same;  and  finally  the  complete  establishment  of  the 
truth  of  Maxwell's  theory  by  the  reproduction  with  electric  waves  of  all  the  phe- 
nomena of  optics.  The  chapter  on  the  measurement  of  wave  length  and  multiple 
resonance  has  a  particular  practical  interest  in  connection  with  syntonic  wireless 
telegraphy  on  account  of  the  thoroughness  with  which  it  treats  of  the  phenomenon 
of  the  production  of  complex  waves  in  the  oscillator  and  the  selection  by  the 
resonator  of  that  wave  which  corresponds  to  its  own  natural  period. 

Although  Poincare's  essay  is  only  concerned  with  the  scientific  aspect  of  the 
actions  of  which  it  treats,  it  is  well  adapted  to  serve  as  a  basis  for  the  practical 
consideration  of  the  subject  which  follows  in  the  second  part  of  the  volume.  This 
commences  with  a  brief  statement  of  the  three  methods  of  signaling  through 
space  without  intervening  conductors;  namely,  by  electromagnetic  induction,  by 
electrostatic  induction,  and  by  electromagnetic  waves.  After  a  brief  explanation 
of  each,  illustrated  by  well  conceived  mechanical  analogies,  and  a  reference  to  the 
most  notable  examples  of  the  three  methods,  the  attention  is  directed  to  the  elec- 
tromagnetic wave  method,  the  development  of  which  is  taken  up  in  detail,  and 
traced  through  the  early  experiments  of  Hertz,  Branly,  Lodge  and  Marconi, 
through  the  period  of  crude,  insensitive  coherers,  great  capacity  areas,  refiectors 
and  effective  transmission  over  distances  of  not  to  exceed  a  few  miles,  to  the  ad- 
vent of  the  grounded  vertical  antenna;  of  Popofl  and  Marconi  and  the  extension  of 
the  range  of  signaling  to  hundreds  and  even  thousands  of  miles,  A  great  deal  of 
stress  is  properly  placed  on  the  grounding  of  the  oscillator  as  a  means  of  increas- 
ing the  range  of  transmission,  and  a  chapter  is  devoted  to  a  consideration  of  the 
character  of  the  disturbance  propagated  under  such  conditions.  The  hypotheses, 
first,  that  the  action  is  due  to  free  waves  in  the  ether  exactly  like  those  studied  by 
Hertz,  except  with  respect  to  their  wave  length;  and  second,  that  it  is  due  to 
alternating  currents  flowing  in  and  out  of  the  antenna  and  transmitted  by  conduc- 
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tion  tluoiigh  the  earth  or  sea,  are  botli  disoarded  as  being  insufl'icient  to  explain 
tlie  observeil  ettects;  while  the  now  generally  accepted  view  that  the  action  depends 
upon  etheric  Hertzian  waves  guided  upon  the  conducting  surface  that  th<;y  traverse 
so  as  to  follow  the  contour  of  the  earth,  is  elaborated  and  shown  to  be  entirely 
consistent,  both  with  the  observed  eflects  and  with  the  I'araday  "  tubes  of  force  " 
and  the  Hertz  electromagnetic  wave  conception  of  electric  action. 

The  chapters  on  transmitting  and  receiving  apparatus  show  that  the  author  is 
in  close  touch  with  the  situation,  and  is  familiar  with  the  practical  requirements 
of  the  art.  Wireless  telegraphy  has  long  since  passed  the  stage  of  the  old  ham- 
mer-break induction  coil  and  the  single  antenna,  and  the  problems  that  now  con- 
front the  workers  in  the  held  are  those  having  to  do  with  the  production,  control 
and  radiation  of  such  quantities  of  energy  as  to  be  entirely  beyond  the  scope  of 
the  methods  employed  by  the  earlier  investigators.  The  chapter  on  receiving  ap- 
paratus describes  a  number  of  detectors  typical  of  the  various  sorts  of  devices  that 
liave  appeared,  which  the  author  has  classified  as  microphonic,  mechanical,  ther- 
mal, electrolytic  and  magnetic  receivers.  It  is  to  be  noted  that  Mr.  Vreeland  lays 
claim  to  the  development  of  that  peculiarly  sensitive  and  efficient  receiving  device, 
the  electrolytic  "barretter,"  which  has  heretofore  generally  been  ascribed  to  Pro- 
fessor Fessenden,  and  which  was  also  independently  discovered  by  Schloemilch. 
The  chapter  on  "Selective  Signaling  "  is  quite  comprehensive,  as  belits  a  subject 
of  so  great  practical  importance,  and  is  particularly  well  supplied  with  illustra- 
tions, including  clearly  presented  circuit  diagrams,  curves  and  representations  of 
mechanical  analogues  of  the  various  arrangements  for  securing  resonance  and 
syntony. 

On  the  whole,  the  matter  in  this  volume  is  well  selected,  carefully  digested, 
clearly  and  thoroughly  illustrated,  and  arranged  in  a  logical  and  orderly  manner. 
The  book  well  repays  the  reading.  S. 


THE  ESTABLISHMENT  OF  AN  ENGINEERING  DIRECTORY. 

As  one  of  the  functions  of  the  Western  Society  of  Engineers  is  to  promote  a 
feeling  of  comradeship  between  its  members,  and  to  render  assistance  to  them  in 
their  professional  work,  the  Board  of  Direction  have  decided  to  establish  what 
for  want  of  a  better  term,  may  be  called  an  Engineering  Directory.  The  object  of 
this  is  to  bring  together  those  members  who  may  be  on  the  outlook  for  an  engage- 
ment and  those  who  desire  the  services  of  engineers.  It  is  proposed  to  do  this 
without  cost  to  the  members  in  the  way  of  charges,  fees,  etc. 

The  name  of  the  applicant  for  position  will  be  kept  privately  by  the  Secretary 
and  not  given  out,  except  as  provided  for  in  the  rules,  and  every  endeavor  will  be 
made  not  only  to  render  real  assistance  to  those  members  of  the  Western  Society 
of  Engineers  who  are  out  of  employment,  or  who  may  be  in  search  of  more  con- 
genial positions,  but  to  render  such  assistance  in  the  right  way. 

Attention  of  employers  of  engineers,  whether  members  or  not,  is  also  called 
to  the  exceptional  value  of  this  bureau  to  parties  desiring  engineering  services  of 
the  highest  order. 

Rules  to  Govern  the  Conduct  of  this  Directory. 

First.  Blank  applications  for  employment  will  be  given  to  any  member  of 
the  Western  Society  of  Engineers  or  forwarded  to  him  on  receipt  of  request,  accom- 
panied by  a  self-addressed  stamped  envelope. 

Second.  When  returned  to  the  Secretary,  these  applications  shall  be  num- 
bered for  identification,  and  posted  on  a  public  file  in  the  rooms  of  the  Society. 
The  name  and  address  of  applicant  shall  be  kept  on  the  detached  coupon  on  a 
private  file,  numbered  the  same  as  the  application,  and  will  not  be  given  out  ex- 
cept to  bona  fide  employers,  and  then  only  when  in  the  judgment  of  the  Secretary 
no  confidence  is  violated  in  so  doing. 

Third.  Applications  from  employers  of  engineers  will  be  placed  on  a  similar 
public  file,  and  notifications  will  be  sent  to  all  applicants  meeting  the  required  con- 
ditions, or  to  any  applicant  specially  designated  by  prospective  employer. 

Fourth.  Applications,  whether  of  employers  or  those  seeking  employment, 
shall  be  kept  on  file  for  the  two  calendar  months  succeeding  the  date  of  appli- 
cation, and  then  taken  off  and  destroyed.  A  brief  abstract  of  each  applicaton, 
identified  by  number  only,  and  stating  character  of  position  sought  and  salary  ex- 
pected, will  be  published  in  the  Journal.  Any  letters  addressed  to  file  numbers  in 
care  of  the  Secretary  will  be  forwarded  to  destination. 

Fifth,  Applications  may  be  kept  on  file  for  a  longer  period  than  two  months 
if  desired  by  the  applicant,  who  shall  notify  the  Secretary  to  this  effect  by  postal 
card  or  otherwise.  Applicants  are  also  requested  to  notify  the  Secretary  promptly 
when  the  application  is  to  be  taken  off  the  file. 

It  is  to  be  hoped  that  this  arrangement  of  applications,  etc.,  filed  at  the 
offices  of  the  Society,  will  result  in  benefit  to  those  members  who  are  seeking  a 
professional  engagement. 

By  Order  of  the  Board  of  Direction. 

J.  H.  Warder,  Secretary. 
August  5,  1902. 
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THE  COAL,  LIGNITE  AND  ASPHALT  ROCKS  OF  TEXAS. 

Dr.  W.  .B.  Phillips,  of  the  University  of  Texas  Mineral  Survey. 
Presented  May  4,  igo^. 

When  I  was  requested  to  address  this  distinguished  body  of 
engineers  on  the  subject  of  ''The  Texas  Hydrocarbons,"  I  accepted 
with  the  mental  reservation  that  in  the  time  during  which  I  should 
tax  your  patience  I  could  touch  the  matter  only  in  high  places.  Any 
one  of  the  so-called  hydrocarbons  in  Texas  demands  and  of  right 
should  have  an  entire  treatise,  whether  we  discuss  coal,  or  lignite, 
or  asphalt,  or  natural  gas  or  crude  petroleum.  The  scientific  and 
practical  sides  of  any  of  these,  calls  for  a  great  deal  more  informa- 
tion than  I  possess.  But  I  do  not  know  that  there  was  ever  a  man 
from  Texas,  whether  indigenous  or  transplanted,  who  did  not  con- 
sider himself  equal  to  almost  any  task.  It  is  characteristic  of  that 
vast  expanse,  from  Texarkana  to  El  Paso  and  from  Texline  to 
Sabine  Pass,  that  it  forces  one  to  look  at  things  in  a  large  way,  and 
the  people  who  have  made  Texas  what  it  is  to-day  may  be  excused 
for  holding  that  they  can  do  any  thing,  from  riding  a  bucking 
broncho  without  either  saddle  or  bridle  to  discussing  before  men 
much  better  informed,  any  subject  that  may  be  proposed. 

It  has  been  my  fortune  during  the  last  three  years  to  have  had 
charge  of  the  mineral  survey  of  the  State,  administered  by  the 
Board  of  Regents  of  the  University.  This  survey  took  the  place  of 
the  former  geological  survey  which  was  established  in  1888  and 
came  to  an  end  in  1892,  after  having  accomplished  a  great  deal  of 
valuable  work.  But  like  some  other  good  things  it  failed  to  re- 
ceive proper  financial  support  at  the  hands  of  the  legislature  and 
was  compelled  to  cease  its  operations.  From  1892  until  the  spring  of 
1901  there  was  no  State  survey  of  any  kind,  nor  any  authorized  bu- 
reau of  information  concerning  the  mineral  resources  of  the  State. 
In  the  latter  year,  however,  an  earnest  effort  was  made  to  establish 
such  a  bureau  as  would  meet  the  increasing  demand  for  accurate 
data.  \\'e  were  greatly  helped  in  this  movement  by  the  discovery 
of  nil  in  vast  f|uantities  at  S])in(lle  Top,  a  few  miles  south  of  Beau- 
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munt,  Jefferson  county.  The  first  gusher  at  this  now  world-famous 
spot  came  in  on  the  loth  of  January,  lyoi,  and  I  am  proud  to  say 
that  my  old  personal  friend,  A.  F.  Lucas,  was  the  fortunate  dis- 
coverer. 

We  began  work  with  a  small  appropriation,  $10,000  a  year  for 
each  of  two  years,  and  were  able  at  the  following  meeting  of  the 
legislature  to  secure  an  increase  to  $15,000  a  year,  there  being  prac- 
tically no  opposition  in  either  branch  of  the  law-making  body.  It 
is  self-evident  that  $10,000  or  even  $15,000  a  year  spread  over  265,- 
000  scjuare  miles  of  territory,  much  of  it  from  50  to  100  miles  from 
the  nearest  railroad,  would  not  Ije  sufficient  for  an  examination  of 
the  entire  State,  nor  have  we  attempted  this  at  all.  What  we  have 
tried  to  do  is  to  study  a  few  of  the  more  pressing  problems  and  to 
issue  special  bulletins  dealing  with  them.  During  the  last  two  and 
a  half  years  wc  have  published  bulletins  on  Texas  Petroleum  ;  Sul- 
phur, Oil  and  Quicksilver  in  trans-Pecos,  Texas ;  Coal,  Lignite  and 
Asphalt  Rocks ;  The  Quicksilver  Deposits  at  Terlingua.  Brewster 
County ;  The  [Minerals  and  ^Mineral  Localities  of  Texas ;  The 
Texas  [Mining  Law  and  Tables  of  [Magnetic  Declination,  these  last 
being  taken  from  the  reports  of  the  United  States  Coast  and  Geo- 
detic Survey;  and  A  Report  of  Progress  for  the  Year  1903.  Inclu- 
sive of  the  special  topographic  maps,  prepared  for  the  survey  by  the 
L^nited  States  Geological  Surve}-,  under  a  plan  of  co-operaticn,  ^ve 
have  printed  and  distributed  41,000  copies  of  our  bulletins.  They 
have  been  so  kindly  received  that  all  of  the  early  editions  have  long 
since  been  exhausted. 

[Mention  is  made  of  this  matter,  not  for  the  purpose  of  self- 
aggrandizement,  but  simply  to  inform  this  society  of  what  we  have 
attempted  to  do  in  the  way  of  calling  attention  to  the  resources  of 
Texas.  Some  of  these  subjects  had  been  discussed  by  the  former 
survey  and  [Mr.  E.  T.  Dumble,  formerly  State  Geologist,  in  his  pub- 
lication entitled  "Brown  Coal  and  Lignite,  1892"  gave  evidence  of 
having  studied  this  important  question  thoroughly. 

The  subject  divides  itself  naturally  under  three  main  heads. 
Thus  we  have  solid  hydrocarbons,  liquid  hydrocarbons  and  gaseous 
hydrocarbons.  Similarly  the  solid  hydrocarbons  are  grouped  under 
three  heads,  coal,  lignite  (including  brown  coal)  and  asphalt,  or 
bitumen.  Under  the  liquid  hydrocarbons  we  have  the  several 
varieties  of  crude  petroleum,  all  classed,  however,  under  the  general 
term   crude  oil,  and   liquid  bitumen.     l"^ndcr  the   heading   gaseous 
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hydrocarbons   we   have    only  one.    natural   gas.   the   exhalations   of 
marsh  gas  from  swamps,  etc.,  not  being  of  commercial  importance. 

SOLID   HVDROCARBOXS, 

Coal,  lignite  and  asphalt  or  bitumen. 

The  coal  of  Texas  is  bituminous  and  semi-bituminous,  for  the 
most  part  showing  feeble  coking  qualities,  although  there  are  some 
seams  from  which  a  fair  coke  could  be  made  by  washing  and  im- 
proved coking  processes.  So  far  as  known  at  present  we  have  no 
large  seams  of  coking  coal,  nor  any  seams  of  coal  that  would  yield 
good  coke  without  preliminary  treatment. 

The  production  of  all  kinds  of  coal,  including  lignite,  is  about 
.one  million  tons  a  year,  an  amount  which  falls  far  short  of  supply- 
ing current  demands,  the  remainder  being  brought  in  from  Indian 
Territory,  Alabama,  Arkansas  and  New  JMexico.  With  the  excep- 
tion of  works  of  the  American  Refining  Company,  at  El  Paso,  there 
is  not  a  great  consumption  of  coke  within  the  State.  There  are  no 
iron  furnaces  using  coke,  the  production  of  iron  being  limited  to 
charcoal  iron,  at  Rusk,  Cherokee  county.  If  a  fair  coking  coal  could 
be  found  it  might  be  feasible  to  produce  high  grade  Bessemer  iron 
from  the  fine  ores  of  Llano  county,  as  also  to  enlarge  the  production 
from  the  brown  ores  of  northeast  Texas.  In  an  address  delivered 
before  the  Engineers'  Society  of  Western  Pennsylvania,  March, 
1902.*  I  discussed  the  iron  resources  of  Texas  at  some  length.  As 
the  situation  has  not  changed  with  respect  to  the  utilization  of  native 
materials  it  is  not  necessary  to  add  to  what  was  then  said.  The 
matter  is  briefly  referred  to  now.  because  the  use  of  bituminous 
coal  for  coke  making  naturally  falls  under  this  head. 

For  commercial  purposes  the  coal  and  lignite  areas  may  be  con- 
sidered under  three  divisions : 

The  lignites  of  Eocene  Age,  in  Eastern  and  Southern  Texas. 

The  coal  and  lignite  of  Cretaceous  Age,  in  Southern  Texas. 

"The  coal  of  Carboniferous  Age,  in  Central  and  Northern  Texas. 

There  are  some  seventy  counties  in  Texas  which  contain  beds  of 
lignite,  the  thickness  ranging  from  four  feet,  as  at  the  Glenn-Belto 
mines,  Bastrop  county :  to  ten  feet,  as  at  the  mines  of  the  Central 
Texas  Mining.  ^Manufacturing-  and  Land  Company,  Calvert,  Rob- 
ertson county.  The  depth  of  the  workings  below  the  surface  varies 
from  thirty-five  feet,  as  near  Lovelady.  Houston  countv,  to  ninety- 
six  feet,  as  in  one  of  the  mines  near  Rockdale,  Milam  county.  The 
strata  above  the  lignite  are  clays  and  more  or  less  consolidated 
sands,  but  little  timbering  is  to  be  seen  and  the  ventilation  is  mostly 

*  Proceedings  of  the  Engineers'  Society  of  Western  Pennsylvania,  Vol.  XIX,  p.  04. 
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l)v  air  shaft.  I-'ew  accidents  arc  recorded.  There  is  no  State  in- 
spection of  coal  or  lignite  mines,  each  operator  securing  the  health 
and  safety  of  the  miners  as  best  he  may.  In  some  parts  of  the  lig- 
nite area  considerable  depressions  may  be  observed  on  the  surface, 
due  to  falls  of  the  roof  after  the  removal  of  the  lignite.  Of  roof  in 
the  ordinary  acceptation  of  the  term  there  is  none,  the  lignite  being 
frequently  mined  directly  from  under  a  bed  of  sandy  clay  without 
stability. 

Following  upon  tlic  discovery  of  the  lieaumont  oil  field,  early 
in  1 90 1,  there  was  a  feeling  that  the  end  of  lignite  mining  was 
plainlv  in  view.  It  was  held  by  many  operators  that  no  head-way 
could  be  made  against  cheap  fuel  oil.  So  strong  did  this  feeling  be- 
come that  in  the  fall  of  1901  almost  every  lignite  mine  in  the  State 
had  closed  down,  or  was  running  merely  to  fill  out  some  special  con- 
tract. But  these  fears  proved  to  be  v;ithout  practical  foundation. 
The  days  of  ten  cent  oil  gave  place  to  twenty  cent  oil,  then  to  thirty 
cent  oil.  then  to  forty  cent  oil.  then  to  fifty  cent  oil  and  the  lignite 
mines  again  came  into  use.  There  is  a  point  at  which  fuel  oil,  un- 
less used  in  large  and  regular  amounts,  has  no  real  economy  over 
solid  fuel.  I  do  not  now  care  to  enter  upon  a  discussion  of  where 
this  point  is,  its  location  depends  on  a  variety  of  conditions,  but 
that  it  has  a  real  existence  is  shown  by  the  history  of  fuel  consump- 
tion in  Texas  during  the  last  two  and  a  half  years.  That  there  is 
room  for  both  no  one  can  deny,  as  no  one  can  deny  the  assertion 
that  fuel  oil  is  not  of  universal  application.  A  year  after  the  dis- 
coverv  of  the  supplies  of  fuel  oil  at  Keaumont  good  lignite  was  sell- 
ing F.  O.  B.  mines  for  50  cents  a  ton,  and  I  understand  that  some 
contracts  were  made  at  prices  even  lower  than  this.  The  present 
price  varies  from  55  cents  to  70  cents  F.  O.  B.  mines.  The  cost  of 
digging  lignite  ranges  within  comparatively  wide  limits;  i.  e.,  from 
25  cents  to  nearly  60  cents  a  ton. 

The  freight  charges  on  lignite  and  lignite  briquettes  are  much 
less  than  on  coal  and  coke.  Supposing  that  but  little  coal  or  lignite 
of  domestic  production  is  used  at  a  greater  distance  than  200  miles 
from  the  mines,  except  for  railroad  purposes,  and  I  believe  that  this 
is  well  within  the  facts,  then  a  comparison  of  the  rates  fixed  by  the 
Texas  Railroad  Commission  might  not  lie  out  of  place  here.  Two 
rates  are  fixed  by  this  Commission.  Xo.  i  applying  to  such  shi])- 
ments  as  are  to  be  transported  over  a  single  line  of  railroad  or  over 
two  or  more  lines  under  the  same  management  and  control,  and  No. 
2  applying  to  joint  rates  on  shipments  to  be  transported  over  two  or 
more  lines  which  are  not  under  the  same  management  and  control. 

The  rates  for  distances  up  to  200  miles  are  as  follows : 
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FREIGHT    RATES    OX    SOFT    COAL     (EXCEPT    SLACK),    SMITHING      COAL,     COKE     AND 
LIGNITE  OX    A   TON    OF   2,0CO  POUNDS. 

— Coal. —  — Lignite. — 

No  I.  No.  z.  No.  I.  No.  2. 

Distances,  miles—  Cents.  Cents.  Cents.  Cents. 

30  and   less 55  70  :>,2  47 

40  and  over     30 60  75  35  50 

50  and  over    40 65  80  40  55 

60  and  over     50 70  85  44  59 

70  and  over    60 75  90  48  63 

80  and  over     70  • 80  95  53  68 

90  and  over     80 85  100  57  72 

100  and  over     90 90  105  60  75 

no  and  over  100.  . .  .  •  • 95  no  63  78 

120  and  over  no 100  n5  66  8t 

130  and  over  120 105  120  69  84 

140  and  over  130 no  125  jz  87 

150  and  over  140.  ...-■.. 115  130  "](>  91 

160  and  over  150. 120  135  79  94 

170  and  over  160 •  • 125  135  82  97 

180  and  over  170 130  140  85  loo 

190  and  over  180.  . .  .  •  • •  • 135  145  88  103 

200  and  over  190 140  150  91  106 

Note— The  minimum  weight  of  each  car  load  is  20  (twenty)  tons ;  pro- 
vided, that  when  the  actual  weight  of  a  shipment  contained  in  a  car  loaded 
to  its  full  capacity  shall  be  less  than  20  tons,  then  the  actual  weight  of  such 
shipment  shall  be  charged  at  the  rate  per  ton  applicable  under  this  tariff. 

Without  considering  the  exceptions  under  this  tariff  an  inspec- 
tion of  the  table  will  show  that  lignite  is  a  favored  commodity.  It 
is  protected  by  reduced  freight  charges  and  this  protection  increases 
with  increase  of  distance  shipped.  Thus,  if  a  car  of  soft  coal  is 
shipped  100  miles  and  over  90  miles,  under  the  No.  i  rate  the  cost 
per  ton  is  90  cents,  the  charge  for  lignite  under  similar  conditions,  is 
60  cents.  On  a  car  load  of  20  tons  the  total  difference  in  favor  of 
lignite  is  $6.00.  If  a  car  of  soft  coal  is  shipped  200  miles  and  over 
190,  under  rate  Xo.  i.  the  cost  per  ton  is  $1.40;  the  cost  of  lignite, 
under  similar  conditions,  is  91  cents.  To  ship  a  car  of  soft  coal  200 
miles  and  over  190  miles  costs  $28.00,  but  the  same  car  of  lignite 
costs  $18.20,  the  difference  in  favor  of  lignite  being  $9.80. 

For  the  tirst  100  miles  the  freight  charge  on  coal  is  $18.00  per 
car  and  for  the  second  100  miles  it  is  $10.00,  making  the  cost  for  the 
200  miles  $28.00.  For  the  first  100  miles  the  freight  charge  on 
lignite  is  $12.00  per  car  and  for  the  second  100  miles  $6.20,  making 
the  cost  for  the  200  miles  $18.20.  These  important  differences  as 
between  coal  and  lignite  were  established  for  the  purpose  of  pro- 
moting the  mining  and  use  of  lignite,  of  which  we  have  in  Texas 
very  large  supplies,  much  larger  than  the  supplies  of  soft  coal.  It 
was  felt  that  some  adequate  protection  should  be  afforded  a  fuel 
which  was  somewhat  handicapped  in  the  first  instance  by  being  less 
valuable  and   in   the   second  ])y  its  deteriorating  in  storage.     In  a 
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measure,  it  is  a  sort  of  State  protection  accorded  an  article  pro- 
duced within  the  State  and  one  upon  whose  development  and  use 
depend  the  industrial  progress  of  the  State.  In  theory  this  might 
militate  against  the  larger  use  of  soft  coal  which  is  also  mined  in 
the  State,  hut  in  actual  practice  this  does  not  appear  to  be  the  case. 
Probably  nine-tenths  of  the  soft  coal  mined  is  taken  by  railroads  for 
their  own  use  and  thus  does  not  come  into  active  competition  with 
lignite.  The  composition  of  lignite  has  received  considerable  atten- 
tion at  the  hands  of  this  survey.  In  1901  and  1902  we  made  careful 
measurements  at  the  15  mines  that  were  worked,  determining  the 
thickness  of  the  seams,  etc.  Samples  were  drawn  in  person  and 
proximate  and  ultimate  analysis  made  in  great  detail.  When  the 
samples  were  taken  at  the  mines  they  were  enclosed  in  tight  tin 
cans,  so  that  no  loss  of  moisture  could  take  place  prior  to  the  analy- 
sis. All  of  the  results  were  published  in  our  Bulletin  No.  3,  May. 
1902.  From  these  analysis  it  appears  that  the  average  composition 
of  Texas  lignites  is  as  follows : 

.WERAGE   COMPOSITION    OF  TEXAS    LIGNITES. 

— Prox.  analysis. — 

As  mined.  Dry  basis. 

Moisture •  • 33-37  %  

Vol.    and    combust 40.39  60.61  % 

Fixed    carbon    17.24  25.88 

Ash 9.00  13.51 

Sulphur •  • 1. 12  1.68 

Sp.   grav..   dry 1.35  

B.   T.  U . . .  • 7,614  xi.4^7 

— Ultimate  analysis. — 

As  mined.  Dry  basis. 

Carbon    40.13%  60.23% 

Hydrogen     3.03  4.55 

Oxygen    12.29  18.45 

Nitrogen    1.18  1.47 

The  average  weight  of  a  cubic  foot  of  dry  lignite  is  83. to  pounds. 

In  their  natural  condition,  as  mined,  the  Texas  lignites  show  the 
following  range  of  composition : 

2^Ioisture  from  29.C7  to  36.16  per  cent. 

Volatile  and  combustible  matter  from  28.96  to  51.00  per  cent. 

Fixed  carbon  from  3.41  to  24.47  P^^*  cent. 

Ash  from  4.87  to  17.60  per  cent. 

Sulphur  from  0.47  to  3.29  per  cent. 

Heat  value,  B.  T.  U.,  from  6,474  to  8,053. 

Weight  per  cubic  foot  from  53.5  pounds  to  69.7  pounds. 

Lignite  dries  very  rapidly  when  exposed  to  ordinary  Texas 
weather,  but  on  drying  it  manifests  a  decided  tendency  to  fall  to 
pieces  and  this  may  coiitiniu-  mUil  the  great  part  o\  a  car-load  has 
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been  reduced  in  size  to  fragments  of  one  or  two  cubic  incbes.  How- 
ever, not  all  lignites  exbibit  tbis  in.tbe  same  degree,  some  are  harder 
and  more  dense  tban  otbers  and  keep  better  in  storage. 

It  may  be  of  interest  to  give  a  statement  regarding  tbe  average 
composition  of  tbe  asb  of  Texas  lignites,  wbicb  is  as  follows  : 

Per  cent. 

Silica    38.57 

Alumina    ( .   20.67 

Oxide  of  iron    ,     9 -04 

Lime   16.84 

Magnesia    i 0-94 

Oxide  of  manganese    0.81 

Sulphuric   acid    (combined) .  ., 12.90 

After  burning  until  all  of  the  combustible  matter  has  been  re- 
moved some  of  these  lignites  still  yield  carbonic  acid,  in  one  case  as 
much  as  9.80  per  cent.  The  range  of  composition  of  the  ash  of 
these  lignites  is  as  follows : 

Silica  from  21.64  to  63.40  per  cent. 
Alumina  from  11.94  to  34.26  per  cent. 
Oxide  of  iron  from  2.02  to  24.85  per  cent. 
Lime  from  none  to  38.17  per  cent. 
Magnesia  from  a  trace  to  4.36  per  cent. 
Oxide  of  Manganese  from  a  trace  to  3.32  per  cent. 
Sulphuric  acid  (combined)  from  3.53  to  20.92  per  cent. 
Some  }'ears  ago  an  effort  was  made  at  Rockdale,  Milam  county, 
to  briquette  the  lignite  of  that  locality  and  costly  machinery  was  in- 
troduced.    The  time  was    not    propitious  and  the  enterprise   soon 
languished.     Perhaps   one  reason   for  the  failure  was   the  lack,  at 
that  time,  of  a  good,  cheap  binder.     Coal  tar  was  used  but  was  not 
satisfactory.  The  briquettes  were  of  good  quality  but  they  could  not 
be  sold  at  sufficiently  low  cost  to  command  a  regular  market.     Now 
that  petroleum  residues  and  residues  from  sugar  works  can  be  ob- 
tained, as  well  as  coal  tar,  it  would  appear  that  there  was  some  hope 
of  a  profitable  business.     But  the  low  price  of  lignite  may  continue 
to  interfere.     Some  recent  contracts  have  been  made  at  57^  cents 
per  ton,  F.  O.  B.  mines,  and  it  is  reported  that  even  lower  prices 
can  be  obtained.     With  ordinary,  good  lignite  .at  57^  cents  a  ton  it 
is  likely  that  the  manufacturer  of  briquettes  would  have  his  work 
cut  out  for  him.  unless  he  was  exceptionally  favored  by  cheap  ma- 
terials and  low  transportation  charges.     Nothing  is  now  being  done 
in   this   direction,   although    the   improvements    in    briquetting   pro- 
cesses and  in  binders,  made  during  the  last  ten  years,  might  enable 
one  to  do  now  wb.at  was  found  to  be  impracticable  in  1894. 
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There  has  been  some  discussion  of  the  cstabUshment  of  a  briquet- 
ting  plant  at  the  World's  Fair,  St.  Louis,  to  work  on  a  commercial 
scale,  testing-  the  difYerent  kinds  of  lignite,  dryers,  binders,  etc.,  and 
the  project  has  assumed  tangible  form.  If  undertaken  at  all  it  will 
have  to  be  at  the  expense  of  the  manufacturers  of  the  machinery 
involved,  assisted  by  the  mine  owners  who  would  furnish  the  lig- 
nite at  cost,  or  even  donated  it. 

In  connection  with  the  work  of  the  University  of  Texas  Mineral 
Survev  we  propose  to  erect  a  small  testing  plant  in  Austin  this  com- 
ing fall  or  winter  for  the  purpose  of  giving  the  lignite  miners  an 
opportunity  of  experimenting  in  the  manufacture  of  briquettes.  We 
hope  to  try  different  plans  for  drying  the  lignite,  of  crushing  it  and 
incorporating  the  binder.  The  subject  is  of  considerable  importance 
to  us  in  Texas,  for  it  is  to  be  doubted  if  any  other  State  has  so  large 
deposits  of  good  lignite  as  our  State  has.  It  may  be  that  briquettes. 
in  connection  with  smoke-preventing  devices,  will  aid  us  in  solving 
the  all  important  fuel  question  in  Texas.  I  say,  smoke-preventing 
devices,  for  it  is  easier  and  more  economical  to  prevent  smoke  than 
to  consume  it  after  it  has  once  been  allowed  to  form.  Automatic 
stoking  may  be  looked  to  as  one  way  out  of  the  difficulty.  At  many 
places  in  the  State  lignite  is  holding  its  own  against  fuel  oil  now  and 
it  is  thought  that  with  firm  briquettes  and  smoke  prevention  the 
growth  of  the  industry  could  be  greatly  enlarged. 

The  coal  in  southern  Texas  which  is  now  of  commercial  im- 
portance is  in  the  counties  of  Webb  and  Maverick,  the  former  being 
known  as  the  Laredo  and  the  latter  as  the  Eagle  Pass  Field.  These 
two  counties  are  on  the  Rio  Grande  and  the  coal  there  is  connected 
with  the  extension  of  the  deposits  into  Mexico. 

In  its  natural  condition,  as  mined,  the  Laredo  coal  has  the  fol- 
lowing range  of  composition : 

^loisture.  from  i.oo  to  4.09  per  cent. 

Volatile  and  Combustible  Matter  from  47.95  to  51.87  per  cent 

Fixed  Carbon,  from  36.46  to  38.89  per  cent. 

Ash.  from  9.07  to  11.09  P^^  cent. 

Sulphur,  from  2.09  to  2.45  per  cent. 

Heating  value,  B.  T.  V.,  from  11.052  to  12.806. 

Carbon  from  66.65  to  66.70. 

Hydrogen,  from  5.35  to  5.65. 

Oxygen  from  7.46  to  10.85. 

Nitrogen  from    1.47  to  3.62. 

Weight  per  cubic  foot,  from  77.4  pounds  to  79.6  pounds. 

The  range  of  composition  of  tlio  ash  of  the  I^redo  coal  is  as 
follows : 
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Silica,  from  42.08  to  44.48  per  cent. 

Alumina,  from  24.79  ^  35-79  per  cent. 

Oxide  of  iron,  from  14.74  to  23.03  per  cent. 

Lime,  from  2.56  to  4.69  per  cent. 

Magnesia,  trace. 

Oxide  of  manganese,  from  a  trace  to  1.75  per  cent. 

Sulphuric  acid   (combined)  from  3.52  to  4.57  per  cent. 

The  Laredo  coal  is  in  good  demand  along  the  line  of  the  Inter- 
national &  Great  Northern  Ry.  and  is  of  fair  quality.  Two  sections 
of  the  seams  in  this  field  may  be  given :  the  one  section  shows,  from 
the  roof  down,  one  foot  and  two  inches  of  coal,  then  two  and  a  half 
inches  of  bone,  and  then  another  one  foot  and  two  inches  of  coal, 
the  total  thickness  of  the  coal  being  two  feet  and  four  inches  with  a 
parting  of  bone  two  and  a  half  inches  thick. 

The  other  section  show's,  from  the  roof  down,  one  foot  and  one 
inch  of  coal,  one  inch  of  slate  and  another  one  foot  and  one  inch 
of  coal,  the  total  thickness  of  the  coal  being  two  feet  and  two  inches- 
with  a  one  inch  parting.  The  seams  are  reached  by  means  of  shal- 
low shafts,  50  to  150  feet  in  depth  according  to  circumstances.  There 
is  one  railroad  into  the  field,  the  International  &  Great  Northern, 
connecting  with  the  Mexican  National  at  Laredo.  The  present  price 
of  coal,  F.  O.  B.  mines  is  $1.50  to  $2.00. 

The  other  coal  field  in  southern  Texas  is  in  Maverick  county, 
near  Eagle  Pass,  where  the  Southern  Pacific  Ry.  makes  connec- 
tion with  the  ^Mexican  International. 

The  range  of  composition  of  the  Maverick  (Eagle  Pass)  coal  is 
as  follows : 

Moisture,  from  6.91  to  9.40  per  cent. 

Volatile  and  Combustible  Matter,  from  33.08  to  38.16  per  cent. 
Fixed  Carbon,  from  36.82  to  40.09  per  cent. 
Ash,  from  17.43  to  18. 11  per  cent. 
Sulphur,  from  1.28  to  1.96  per  cent. 
Heating  value,  B.  T.  U.,  from  11,149  to  11.472. 
Weight  of  a  cubic  foot,  from  79.6  pounds  to  95.6  pounds. 
Carbon,  from  58.85  to  62.55  per  cent. 
Hydrogen,  from  4.14  to  4.53.       " 
Oxygen,   from  8.07  to  9.60.  " 

Nitrogen,  from  0.78  to  1.63.         " 

The  range  of  composition  of  the  ash  of  these  coals  is  as  fol- 
lows : 

Silica,  from  62.72  to  65.34  per  cent. 
Alumina,  from  24.56  to  30.04  per  cent. 
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Oxide  of  iron  from  3.38  to  9.84  per  cent. 
Lime  from  0.64  to  0.91  per  cent. 
Magnesia,  from  0.36  to  0.70  per  cent. 
Sulphuric  acid  (combined)  from  a  trace  to  0.80  per  cent. 
The  coal  is  reached  at  a  depth  of  about  210  feet  being  overlaid 
by  clays,  sandstones  and  limestones.  It  is  customary,  in  some  parts 
of  the  field  to  leave  a  foot  of  coal  for  roof.     Two  sections  may  be 
given. 

Feet.     Inches. 

Coal   left   for  roof 1  o 

Slaty    clay    o  2 

Coal I  4 

Slaty    clay    i o  2 

Coal    T  4 

White  fire   clay  and  bone    i  6 

Coal    . I  4 

Clay    Floor. 

Section  two —  Feet.     Inches. 

Bone    Roof. 

Coal    o  11^ 

Bone    I  o 

Coal I  3 

Bitum.   matter  mixed   with   clay o  2 

Impure  coal   o  6 

Bituminous  shale    2  o 

Coa!    o  6 

Clay    Floor. 

The  first  section  shows  four  feet  of  coal  in  three  benches,  the 
second  shows  two  feet  and  nine  inches  in  three  benches.  In  other 
words  the  coal  in  the  Eagle  Pass  field  may  run  to  four  feet,  but  is 
apt  to  be  not  thicker  than  one  foot  and  four  inches  in  any  one 
bench. 

There  is  a  possibility  of  finding  coking  coal  in  this  field,  some 
samples  having  been  examined  that  would  yield  a  fair  coke  if 
washed.  It  is  feasible  to  extend  coal  mining  operations  in  this 
field  with  a  fair  prospect  of  success.  The  field  lies  within  30  to  35 
miles  from  the  main  line  of  the  Southern  Pacific  Ry.,  and  a  branch 
of  this  road  connects  the  main  line  at  Spofiford  Junction  with  the 
Mexican  International  at  Eagle  Pass. 

The  two  coal  fields  in  southern  Texas,  thus  briefly  described,  are 
the  only  coal  areas  in  that  part  of  the  State.  The  coal  fs  of  creta- 
ceous and  tertiarv  aq"c.  has  not  vet  been  turned  into  coke  on  a  com- 
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mercial  scale,  but  makes  a  fair  steam  and  domestic  fuel.  One  could 
enter,  somewhat  more  at  length,  upon  a  discussion  of  the  geology 
of  these  fields,  but  such  is  not  the  purpose  of  this  paper,  but  confine 
it  to  the  commercial  possibilities.  The  exact  area  of  these  fields 
have  not  yet  been  determined,  but  it  is  likely  that  either  field  could 
yield  considerable  coal  for  many  years. 

COALS  OF  THE  CARBONIFEROUS  FORMATION. 

The  carboniferous  formation  in  Texas  that  is  productive  of  coal, 
occupies  a  pear-shaped  area  extending  from  about  Brady,  McCul- 
loch  county,  in  a  northeasterly  direction  to  the  Red  River.  Its  east- 
ern line  is  about  forty  miles  west  of  Fort  Worth.  From  east  to 
west  its  maximum  width  is  about  lOO  miles,  while  from  southwest 
to  northeast  its  length  is  about  200  miles.  It  has  been  thought  by 
some  observers  that  the  available  coal  area,  within  the  carboniferous 
limits  is  about  2,700  square  miles,  but  it  is  not  yet  known  how  much 
of  this  estimated  area  is  underlaid  by  workable  coal.  The  Gulf,  Col- 
orado &  Santa  Fe  Ry.  traverses  the  southern  part  of  the  field,  from 
Brownwood  to  Ballinger ;  the  Texas  Central  Ry.  runs  through  the 
heart  of  it,  by  way  of  Dublin  and  Cisco ;  the  Texas  &  Pacific  Ry. 
cuts  it  in  two,  from  Weatherford  to  Abilene ;  the  Rock  Island  comes 
in  from  the  north  and  now  has  progressed  as  far  south  as  Graham, 
Young  county ;  the  Fort  Worth  &  Denver  Ry.  crosses  the  north- 
ern part  of  the  area  in  Montague  and  Clay  counties,  while  still 
further  north  the  Missouri,  Kansas  &  Texas  Ry.  crosses  it,  south 
of  Red  River. 

Active  mining  operations  are  carried  on  in  the  counties  of  Erath. 
Palo  Pinto,  Eastland,  Parker  and  Wise,  the  total  production  ot 
these  counties  being  nearly  one-half  of  the  total  coal  output  of  the 
State. 

In  character  the  coal  is  bituminous  and  some  seams  would  yield 
a  fair  coke.  Some  years  ago  an  attempt  was  made  to  secure  some  of 
the  coke  trade  at  El  P'aso  and  a  few  bee-hive  ovens  were  con- 
structed. But  the  coke  was  not  of  good  quality  and  the  enterprise 
soon  came  to  an  end.  It  is,  however,  probable  that  a  fair  coke 
could  be  made  if  the  coal  was  washed,  this  having  been  neglected 
in  the  former  attempt.  The  seams  are  reached  by  shafts  varying  in 
depth  from  140  to  235  feet.  Two  sections  of  the  seams  may  be 
given : 

Feet.     Inches. 

Black  draw  slate o  8 

Coal    o  2 

Dark  clay   o  \\ 

Coal    o  2\ 
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Dark  clay    o  i 

Coal    I  7 

Pxmo    o  2 

Coal    o  3 

Firo   clay    O  4 

SECTION   TWO. 

Feet.     Inches. 

Slatv  clav  Roof. 

Coal  .  .." o  8i 

Slaty    clay o  % 

Coal    o  6^ 

Slaty   cl\v    o  \ 

Coal    I  o 

Clay    Floor. 

Each  of  thes^e  sections  shows  about  26  inches  of  coal,  with  three 
partings  in  the  first  and  two  in  the  second.  It  is  by  no  means  certain 
that  the  best  coals  in  this  area  have  been  opened  and  there  are  pos- 
sibilities in  Stephens  county  yet  unregarded.  On  the  Clear  Fork 
of  the  Brazos  River,  25  miles  from  the  line  of  the  Rock  Island  at 
Graham,  and  about  the  same  distance  from  the  line  of  the  Texas 
Central  at  Albany,  there  are  seams  of  coal  which  have  been  neg- 
lected, although  the  quality  of  the  coal  appears  to  be  much  better 
than  at  any  ])oint  where  operations  are  now  conducted.  On  the 
Albert  Sidney  Johnston  Survey,  near  Crystal  Falls,  Stephens  county, 
there  is  reported  a  seam  of  good  coal  which  was  used  many  years 
ago  at  old  Fort  Belknap.  Nothing  has  been  done  towards  its  de- 
velopment, however,  the  distance  from  rail  acting  as  a  deterrent 
circumstance.  And  yet  this  part  of  the  field  can  be  easily  reached, 
either  from  the  terminus  of  the  Rock  Island  at  Graham,  or  from 
the  Texas  Central  at  Albany,  the  latter  route  being,  perhaps,  the 
better  of  the  two. 

Railroads  must  have  coal.  Out  of  a  total  production  of  about 
400,000  tons  at  one  place  along  its  line  the  Texas  &  Pacific  takes 
about  360,000  tons  a  year,  leaving  only  about  40,000  tons  to  be  mar- 
keted outside.  The  Gulf,  Colorado  &  Santa  Fe,  the  Texas  Central, 
the  Rock  Island,  the  Fort  Worth  &  Denver,  the  Missouri,  Kansas 
&  Texas  Railroads,  all  penetrate  the  coal  fields  under  considera- 
tion. They  need  a  great  deal  of  coal  themselves,  and  thev  go  into 
the  most  populous  and  progressive  portions  of  the  State. 

O'f  these  roads  the  only  one  that  reaches  the  Indian  Territory 
coal  fields,  from  which  the  largest  supply  of  outside  coal  is  ob- 
tained, is  the  M.  K.  &   T.     There  is  a  railroad  now  building  through 
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Texas,  the  Kansas  City,  Alexico  &  Orient,  familiarly  known  as  the 
Orient  Road.  It  passes  to  the  west  of  the  carboniferous  area  in 
Texas  and  does  not  touch  it  at  any  point.  For  1,500  miles  this  road 
does  not  touch  any  coal  field,  for  after  coming  out  of  Oklahoma 
its  next  coal  is  away  below  the  Rio  Grande,  in  Mexico.  Some  day, 
and  it  may  not  be  so  far  away,  the  Texas  Central  will  build  to  a 
connection  with  the  Orient  road,  beyond  Stamford,  in  order  to 
supply  that  road  with  coal.  The  undeveloped  coal  resources  of  the 
carboniferous  area  in  Texas  will  be  drawn  upon  to  a  greater  and 
greater  extent  and  new  fields  will  be  called  upon  for  their  quota 
of  fuel.  An  extension  of  the  Rock  Island  road  from  Graham  to  Cisco 
would  carry  that  road  through  the  heart  of  Stephens  county,  which 
contains  today  what  may  prove  to  be  the  best  coal  field  in  Texas. 

In  Texas  we  do  not  expect  to  open  great  seams  of  coal  such  as 
are  to  be  found  in  more  favored  localities.  We  do  not  ask  for  four, 
five  and  six  foot  seams,  knowing"  well  that  if  we  sh.ould  they  would 
not  be  forthcoming.  With  us  coal  is  coal  and  a  three-foot  seam,  or 
even  one  of  thirty  inches  is  thankfully  received.  Among  the  things 
which  we  have  set  before  us  in  connection  with  the  present  mineral 
survey  is  a  detailed  study  of  the  carboniferous  area  in  Texas,  its 
limitations,  workable  seams  of  coal,  quality  of  the  coal,  transpor- 
tation cjuestions,  etc.  We  hope  to  enter  upon  that  task  this  year 
and  to  pursue  it  until  we  can  know  a  great  deal  more  than  is  known 
at   present. 

The  range  of  composition  of  the  carboniferous  coals  in  Texas  is 
as  follows : 

Moisture    From     4.00  to  13.44  Per  cent 

Volatile   and   Combustible    Matter....     "       29.17  "    35.66     "       " 

Fixed    carbon    '"       36.37  ''    49.17     "       " 

Ash     '•        0.71  "    24.76     "■ 

Sulphur    "        1. 51  "     4.76    "       " 

Heating  value,  B.  T.  U "      9,609  "12,264     "      " 

The  weight  per  cubic  foot  varies  from  65.2  to  89.9  pounds. 
Perhaps  a  fairer  way  of  stating  the  composition  of  these  coals 
is  to  give  the  average  composition  as  determined  by  the  analyses 
of  thirteen  samples  taken  at  all  the  mines.     This  average  is  as  fol- 
lows : 

Average  proximate  comj^nsition  of  the  carboniferous  coals  in 
Texas : 

Moisture    7.84  per  cent. 

\'oIatile    and    Combustible    Matter.  .      32.62        " 

Fi.xed    Carbon    42.91         " 

Ash    16.62        " 

Sulphur    2.26        " 


54-34  per 

43-92   " 

28.02   " 

22.02   " 

1. 91 
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Heating-   value,    II.   T.    U.. ii.i95 

Weight    per   cubic    foot    81.3    pounds. 

Average   ultimate    composition    of    the    carboniferous     coals     in 
Texas : 

Moisture 7.84  per  cent. 

Carbon    60.00        " 

Hydrogen    5.00        " 

Oxygen    8.50        " 

Nitrogen    2.00        " 

Ash    16.62 

Sulphur 2.26 

The  range  of  composition  of  the  ash  of  the  carboniferous  coals 
in  Texas  is  as  follows : 

Silica,    from    29.14     to 

Alumina,    from    i3-io      " 

Oxide  of  iron,    from.  .  .  .        3.6S      " 

Lime,  from   ,     trace      " 

Magnesia,  from    trace      " 

Oxide   of   manganese ....     trace 
Sulphuric    acid,    combined     trace     "      I5-00        " 
The  average  composition  of  the  ash  is  as  follows: 

Silica    43-6i  per  cent. 

Alumina     25.08 

Oxide  of  iron    I7-I4 

Oxide  of   manganese trace 

Lime     7. 1 3 

Magnesia    0.87 

Sulphuric    acid,    combined 5.00 

With  this  necessarily  brief  discussion  of  the  coals  and  lignites 
of  the  State  we  must  pass  on  to  the  next  subject  to  demand  atten- 
tion, which  shall  be  made  as  brief  as  possible,  is  that  of  the 

ASPHALT  ROCKS,   OR  BITUMINOUS  SANDSTONES  AND  LIMESTONES. 

These  may  be  grouped,  as  indicated,  in  two  divisions,  the  bitu- 
minous  sandstones  and  the  bituminous  limestones. 

The  bituminous  sandstones  are  found  in  the  counties  of  Mon- 
tague, Cooke,  Anderson,  Tyler,  Jasper,  Hardin,  Nacogdoches  and 
San  Augustine.  They  belong  to  the  cretaceous  and  to  tlie  marine 
eocene.     Their  composition  is  as  follows : 

Asplial-  Total  Mineral 

*Localit}' —  tene.  Petrolene.  bitumen,  matter.  Sulphur. 

Montague    County    3.60  7.00  10.60  89.20  0.20  per  cent 

Cooke    County    2.46  10.18  12.64  87.36  0.50     ''  " 

Anderson  County    11.25  12.09  23.34  76.71  0.43     "  " 

Jasper   County    7.12  20.14  27.26  7^-74  0.15     "  " 

Uvalde    County    5.08  5.12  10.20  88.70  0.80    "  " 
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Some  of  the  Uvalde  county  rocks  carry  bitumen  up  to  15.60 
per  cent.  The  extent  of  these  several  depo.?its  is  quite  sufficient  for 
all  practical  purposes,  but  the  material  has  not  been  much  used  for 
paving.  Some  sidewalks  were  laid  in  St.  Joe,  Montague  county, 
of  the  local  rock,  and  the  Anderson  county  material  has  been  used 
on  the  streets  in  Palestine  with  good  results. 

The  bituminous  limestones  are  found  in  the  counties  of  Burnet 
and  Uvalde.     Their  composition  is  as  follows : 

Asphal-                     Total       Carb.  Silic 

Locality — ■                       tene.   Petrolene.  bitumen,    lime,  matter.  Sulphur. 

Uvalde   County    7.00        7.00        14.00        83.00  2.00          to    .17$^ 

Burnet    County. 7.76        6.75         14.51         84.00  1.50           to  0.22^ 

The  Burnet  county  stone  has  not  been  utilized,  although  it  is 
within  two  miles  of  the  railroad  and  lies  favorably  for  cheap  mining. 

The  Uvalde  county  bituminous  limestone  has  been  more  exten- 
sively used  than  all  of  the  other  bituminous  rocks  in  the  State  com- 
bined. Works  of  considerable  size  have  been  erected  at  Carbon- 
ville,  and  for  some  years  past  operations  have  been  continued  inter- 
mittently. The  works  originally  designed  for  the  extraction  of  the 
bitumen  with  naphtha,  and  the  first  shipments  of  what  was  termed 
"litho-carbon"  were  made  in  1894-95.  Between  1895  ^nd  1899 
the  naphtha  treatment  was  suspended  and  since  1900  no  bitumen, 
has  been  extracted.  The  total  production  of  naphtha-extracted  bi- 
tumen at  these  works  is  about  2,043  tons.  Since  1900  the  business 
has  been  entirely  confined  to  the  shipment  of  crude  and  crushed 
rock  for  paving  purposes,  the  total  production  having  been  about 
35,000  tons.  Tlie  rock  has  been  used  in  San  Antonio,  Houston, 
Waco,  Shreveport,  etc.,  and  has,  I  believe,  given  good  satisfaction 
when  properly  laid.  'For  paving  purposes  it  is  doubtful  if  any 
better  bituminous  limestone  can  be  found  anywhere  than  the  Uvalde 
rock.  It  can  not  be  shipped  far,  and  for  this  reason  it  has  not  come 
as  much  into  use  as  its  high  grade  would  warrant.  But  as  the 
Texas  cities  and  towns  increase  in  population  and  wealth  it  is  fair 
to  assume  that  this  excellent  stone  will  be  largely  employed  for 
paving. 

There  are  extensive  deposits  of  this  stone,  as  also  of  the  bitu- 
minous sandstone  and  a  kind  of  stone  half  way  in  composition  be- 
tween these,  in  Uvalde  county,  easily  accessible  from  the  Southern 
Pacific  Ry.  The  deposit  of  bituminous  limestone  at  Carbonville  is 
known  to  be  more  than  twenty  feet  in  thickness,  overlaid  by  from 
two  to  four  feet  of  liiuestone.  Tlie  deposit  is  of  cretaceous  age, 
the  bitumen  impregnating  what  is  known  as  the  Anachacho  lime- 
stone.     The    region    has    been    disturbed    by    intrusion    of    igneous 
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rocks,  anionjj:  which  may  he  mentioned  a  nepheline-melilite-basalt 
and  a  plaqiochise  basalt.  The  impregnation  of  the  porous  lime- 
stone with  bitumen  has  been  attributed,  in  some  measure,  to  the  in- 
fluence of  these  igneous  intrusions.  Bituminous  matter  in  sand- 
stones and  shales  and  clays  is  closely  associated  with  the  occur- 
rence of  cinnabar,  at  Terlingua,  Brewster  county,  where  igneous 
rocks  have  also  come  into  the  geology  of  the  district.  In  the  early 
history  of  that  quicksilver  district  the  iron  retorts  used  for  dis- 
tilling the  metal  also  yielded  oil  and  gas.  Bitumen  is  by  no  means 
a  rare  constituent  of  the  quicksilver  ores  in  Brewster  county. 

In  s]X'aking  of  the  uses  to  which  the  asphalt  rocks  of  the  State 
ma>-  be  put  I  am  fully  aware  of  the  fact  that  by  far  the  greater 
mileage  of  paving  in  the  United  States  has  been  laid  of  sheet 
asphalt  and  that  the  tendency  seems  to  be  toward  this  rather  than 
towards  rock  asphalts.  And  yet  where  the  rock  asphalt  has  been 
laid  under  proper  conditions,  with  due  regard  to  its  preliminar\' 
treatment  before  going  into  the  street,  experience  has  shown  that  in 
competition  with  sheet  asphalt  it  has  a  fair  fighting  ground.  I 
suppo;se  that  Buffalo,  N.  Y.,  has  a  greater  mileage  of  rock  asphalt 
streets  than  any  other  American  city.  Kentucky  bituminous  sand- 
stone has  been  used  there  with  good  success.  It  is  certainly  true 
that  the  distances  over  which  the  rock  asphalts  have  to  be  carried 
from  quarry  to  points  of  consumption  have  operated  to  its  disadvan- 
tage. It  is  self-evident  that  such  a  material  will  not  stand  long 
hauls.  Its  chief  use  must  be  local,  so  to  speak,  and  for  the  develop- 
ment of  the  Texas  rocks  we  must  wait  for  the  inevitable  increase 
of  population  and  wealth.  That  State  is  growing  at  a  tremendous 
rate  and  the  impetus  it  has  acquired  will  carry  it  on  in  spite  of 
the  cotton-boll  weevil,  occasional  destructive  storms,  drouth  and 
the  low  price  of  cattle.  It  has  now  more  railroad  mileage  than  any 
other  state  in  the  Union  and  the  main  trunk  lines  are  sending  out 
feeders  in  every  direction. 

The  asphalt  rocks  wall  come  into  use  for  paving  purposes.  I  do 
not  think  that  they  offer  many  inducements  for  the  extraction  of 
bitumen  on  a  large  scale.  The  practical  difficulties  opposed  to  this 
are  very  great  and  they  do  not  seem  to  appeal  to  that  sentiment  of 
making  a  dollar  earn  two  that  is  so  potent  in  this  age.  In  the 
n:eantime  the  deposits  will  not  run  away.  The  temperature  in  cer- 
tain parts  of  Texas  during  the  summer  is  high  enough  to  cause 
some  of  the  bitumen  to  exude  from  the  rocks,  it  is  true,  but  there 
is  plenty  more  and  what  is  lost  in  this  way  is  of  small  moment.  But 
the  equable  temperature  for  the  greater  part  of  the  yea'*  is  a  distinct 
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gain  for  asplislt  pavements.     They  may  and  they  do  soften  under 
the  heat,  but  they  do  not  freeze  and  disintegrate. 

In  addition  to  the  preceding  there  are  two  kinds  of  sohd  hydro- 
carbons which  possess  merely  a  scientific  interest.  The  first  of  these 
is  what  is  known  as  "Sea  Wax."  It  is  a  black  substance  often  to 
be  picked  up  along  the  Gulf  coast  from  Sabine  to  Brownsville.  This 
material  has  been  investigated  by  Dr.  A.  L.  Metz,  Tulane  Univer- 
sity, New  Orleans.  The  material  he  examined  came  from  the  coast 
of  Jefferson  county.  It  contained  98.24  per  cent  of  bitumen,  1.44 
per  cent  of  organic  matter  other  than  bitumen,  and  0.32  per  cent  of 
mineral  matter.  There  w-ere  no  soluble  salts  in  it  nor  any  sulphur. 
The  bitumen  extracted  by  means  of  carbon  bisulphide  yielded  5.30 
per  cent  of  a  volatile,  inflammable  oil  at  260  degrees  F.  It  also 
yielded  83.27  per  cent  of  petrolene,  10.17  per  cent  of  asphaltene, 
and  1.26  per  cent  of  retene.  Pieces  of  this  substance  of  some  size 
have  been  obtained  from  time  to  time  along  the  coast,  but  it  does 
not  appear  to  be  of  commercial  importance.  Another  interesting 
substance  is  obtained  from  along  the  coast  near  Rockport,  Refugio 
county.  It  is  a  parafifin  so  pure  as  to  excite  suspicion  of  its  natural 
origin.  And  yet,  if  human  testimony  can  be  believed,  it  is  of  nat- 
ural origin.  It  has  been  picked  up  along  the  coast  and  particularly 
along  the  shore  opposite  St.  Joseph's  Island.  Old  fishermen  assert 
that  for  many  years  they  have  been  able  to  pick  up  masses  of  this 
substance,  and  I  have  myself  seen  one  piece  that  w^eighed  nearly 
twenty  pounds.  It  is  translucent,  yellowish  in  color,  melts  easily 
in  the  sun,  has  a  somewhat  greasy  feel  and  is  beyond  question  a 
variety  of  parafifin.  Whence  it  comes  I  am  unable  to  say.  Tliat 
such  a  material  should  be  obtained  from  crude  oil  by  any  known 
natural  methods  seems  improbable,  and  yet  I  am  satisfied,  from  the 
evidence,  that  it  has  appeared  at  one  locality  for  thirty  or  forty 
years.  It  is  not  of  commercial  importance,  but  has  occasioned  con- 
siderable speculation  among  the  few  scientific  men  who  have  visited 
that  portion  of  the  gulf  coast. 

NATURAL  GAS. 

Natural  gas  is  the  only  one  of  the  gaseous  hydrocarbons  that 
need  be  considered.  This  substance  is  of  wide  distribution  in  Texas, 
occurring  in  all  of  the  known  oil  fields  and  in  some  localities  where 
oil  has  not  been  found  in  commercial  quantities.  Some  high  pres- 
sures have  been  observed  in  the  Corsicana  Oil  Field,  Navarro 
county,  and  to  the  south  of  San  Antonio,  Bexar  county.  Beyond  the 
local  consumption  under  boilers  for  running  drill  rigs,  natural  gas 
is  hardly  used  at  all  in  Texas.  Enornious  pressures  were  observed 
at  Spindle  Top,  in  the  Beaumont  Oil   Field,  and   recent  wells  at 
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Sour  Lake,  Batstm's  I'rairio,  in  Matagorda  county  and  elsewhere 
have  shown  a  great  quantity  of  natural  gas  under  extremely  heavy 
pressure.  The  composition  of  the  gas  at  Spindle  Top,  Sour  Lake 
and  Batson's  Prairie  has  not  been  determined  by  this  survey.  At 
many  wells  it  had  an  evil  odor  and  was  destructive  of  human  life 
in  more  than  one  instance.  We  made  some  calculations  of  the 
pressure  at  Spindle  Top  when  there  were  70  oil  gushers  in  opera- 
tion and  the  result  was  to  show  that  irrespective  of  the  pressure  re- 
quired to  throw  the  oil  into  the  air  to  heights  varying  from  50  to 
80  feet,  the  pressure  required  to  bring  the  oil  to  the  surface  in 
these  70  w^ells  was  about  2,200  pounds  per  square  inch.  In  some 
cases  the  pressure  was  doubtless  much  greater  than  this.  In  one 
well  in  the  Beaumont  Field  there  was  such  pressure  that  more  than 
four  hundred  feet  of  4-inch  casing  was  blown  clear  out  of  the  hole, 
having  been  torn  loose  at  the  threads  and  forced  up  against  the 
friction  of  the  earth  strata.  The  first  well  at  Spindle  Top,  the 
"Lucas,"  developed  such  a  pressure  that  six  tons  of  six-inch  casing 
were  blown  clear  of  the  hole  and  lay  in  a  tangled  mass  at  the  foot 
of  the  derrick.  The  so-called  "mud  wells"  which  throw  out  vast 
quantities  of  mud  for  hours  together  owe  their  origin  to  pockets 
of  gas  under  high  pressure. 

We  have  examined  but  one  sample  of  natural  gas  and  that  from 
the  Navarro  county  fields.     Its  composition  was  as  follows : 

Composition  of  natural  gas  from  Navarro  county,  Texas : 

Carbon  Alonoxide 3.70  per  cent. 

^larsh  Gas    64.00 

Hydrogen    i  .70 

Heavy   Hydrocarbons    4.20 

Oxygen    0.90 

Nitrogen    25.50 

Sulphur   None. 

B.  T.  U 78440 

This  is  a  good  gas  and  would  probably  make  a  fair  illuminant, 
in  connection  with  a  Welsbach  or  similar  burner,  and  it  has  a  good 
heat  value. 

It  would  appear  that  the  exploitation  of  the  gas  fields  a  few 
miles  south  of  San  Antonio  might  be  undertaken  profitable  This 
is  the  largest  city  in  the  State  and  the  gas  fields  are  within  fifteen 
miles  of  it,  showing  good  pressures.  None  of  the  known  gas 
fields  in  Texas  have  been  drawn  upon  sufficiently  to  enable  one  to 
speak  of  the  continuity  of  the  supply.  This  is  an  important  consid- 
eration, as  some  other  places  have  found  to  their  cost.     For  burn- 
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ing-  brick  and  cement,  natural  gas  is  an  ideal  fuel  and  it  is  strange 
that  none  of  the  large  establishments  of  this  kind  situated  within 
easy  distances  of  known  gas  fields  have  used  it.  It  is  to  be  ex- 
pected that  with  the  growth  of  industrial  enterprises  in  the  State 
there  will  come  a  larger  use  of  natural  gas.  As  a  domestic  fuel  in 
a  mild  climate  it  has  very  great  advantages.  But  the  gas  fields  of 
Texas  remain  for  the  future.  Reference  is  made  to  them  here 
merely  to  point  out  their  existence  in  connection  with  other  hydro- 
carbons. 

DISCUSSION. 

Mr.  W.  L.  Abbott — I  would  like  to  ask  Dr.  Phillips  if  there  is 
any  connection  between  the  oil  fields  and  the  coal  fields  ? 

Dr.  Phillips — None  at  all ;  they  are  entirely  independent.  That 
is  as  I  understand  it.  I  believe  there  is  a  popular  fallacy,  supposing 
that  oil  comes  from  coal,  on  account  of  its  being  called  coal  oil. 

Mr.  A.  C.  Schradcr — I  would  like  to  ask  why  rock  asphalt  was 
not  shipped  for  any  great  distance? 

Dr.  Phillips — The  freight  rate  now  is  $3.00  per  ton  from  the 
mines  to  San  Antonio,  and  the  asphalt  will  not  stand  much  further 
haul  at  that  rate.  Shreveport  is  reached,  by  some  concession  on 
the  part  of  the  railroad  companies,  but  shipments  have  never  been 
made  further  east  than   Shreveport. 

Mr.  W.  H:  Finley — Yet  asphalt  is  shipped  here  from  Europe. 

Dr.  Phillips — That  is  accomplished  on  account  of  water  rates 
being  so  much  cheaper  than  railroad  rates. 

Mr.  Finley — How  does  the  Texas  rock  asphalt  or  limestone 
compare  with  the  foreign  asphalt — say  Seyssel  rock? 

Dr.  PJiilUps — It  is  almost  identical  and  has  the  same  composition. 
Where  well  laid,  as  in  some  of  the  streets  in  San  Antonio,  it  is 
wearing  very  well. 

Mr.  Finley — What  do  they  use  lo  flux  it  with? 

Dr.  Phillips — Nothing  whatever. 

Mr.  Finley — As  I  understand  it,  nearly  all  the  foreign  asphalt 
used  in  this  country  is  fluxed. 

Dr.  Phillips — Yes,  I  believe  that  is  true.  You  have  laid  some  in 
Chicago,  have  you  not? 

Mr.  Finley — Yes. 

Dr.  Phillips — In  our  observations  of  those  rock  asphalts — 
whether  sandstone  or  limestone — we  have  found  that  leaks  from 
gas  mains  prove  destructive  to  the  pavements  where  they  are  used. 
There   are   many   disintegrations   of   the   asphalt   pavement   due   to 
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leaks  of  illuminating  gas.  In  a  short  time  the  rock  becomes  ex- 
tremely brittle  and  you  can  dig  it  out  with  a  lead  pencil.  Of  course 
attention  has  already  been  called  to  this  fact,  but  the  matter  has 
not  received  the  attention  that  it  should  have. 

Mr.  Finley — In  your  paper  you  mention  a  material  called  "bone." 
What  is  that  material? 

Dr.  PJiillips — It  is  really  a  carbonaceous  slate  that  may  carry 
15  to  20  per  cent  volatile  matter.  It  is  really  nothing  but  a  slaty 
coal;  it  is  not  used  for  anything  and  is  not  worth  anything. 

Mr.  Abbott — Do  you  wash  your  coal? 

Dr.  Phillips — No,  there  are  no  washers  in  Texas. 

Mr.  Abbott — I  do  not  see  how  they  can  produce  a  marketable 
article  without  washing  it. 

Dr.  Phillips — Indian  Territory  coal  costs  from  $6.00  to  $8.00  per 
ton.     If  we  can  get  the  other  for  $3.00  we  use  it. 

Mr.  E.  C.  DeWolf — I  would  like  to  ask  by  wdiat  means  the  coal 
and  lignite  are  mined.  The  prices  given  are  so  much  lower  than 
the  ordinary  prices,  that  it  leads  me  to  wonder  how  they  get  it  out ; 
also  whether  they  take  it  all  out? 

Dr.  Phillips — I  think  most  of  the  lignite  mined  is  by  what  might 
be  called  a  ''Texas  System."  They  will  cut  a  tunnel  right  through 
the  lignite  and  arch  it  up  for  the  roof.  It  is  all  done  by  a  modified 
system  of  long-wall,  but  I  do  not  think  anybody  who  ever  saw  a 
long-wall  in  Illinois  would  recognize  it.  They  pay  25c  a  ton  for 
digging  that  lignite  in  seams  4  to  6  feet  thick  and  upwards ;  20c 
for  seams  8  to  12  feet  in  thickness,  the  roof  being  the  lignite  itself 
and  supported  now  and  then  by  props  at  irregular  intervals.  There 
is  no  reason  why  the  roof  does  not  fall  in,  and  as  a  matter  of  fact 
it  does ;  still,  there  are  very  few  accidents.  It  is  a  rare  thing  to  see 
any  report  of  an  accident  in  a  coal  mine.  In  other  coal  mines,  where 
the  seams  are  narrower,  they  have  to  be  much  more  careful. 

Mr.  Warder — Is  that  lignite  soft  enough  to  work  in  it  with  a 
pick  and  shovel? 

Dr.  Phillips — Yes,  there  is  not  much  blasting  done. 

Mr.  E.  N.  Layficld — I  w^ould  like  to  ask  Dr.  Phillips  if,  in  speak- 
ing of  "the  last  of  the  oil  gushers,"  we  are  to  understand  that  the 
oil  is  becoming  exhausted? 

Dr.  Phillips — Simply  that  the  pressure  is  dull,  because  of  the 
enormous  demands  made  on  it ;  they  are  still  getting  out  a  very 
large  amount  of  oil ;  just  how  much  I  cannot  tell,  because  we  have 
been  unable  to  get  the  exact  statistics.  It  is  a  matter  of  impor- 
tance to  know  what  the  production  of  oil  was  last  year.  Mr.  Oli* 
pliant,  who  collects  the  oil  statistics  for  the  Ignited  States  Govern- 
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ment,  does  not  yet  know  what  the  oil  production  was  for  last  year. 

Mr.  Abbott — Is  this  oil  refined  and  used  for  lubricating? 

Dr.  PhUlips — Yes,  there  are  two  refineries  down  there. 

Mr.  H.  G.  Dimick — What  are  the  smoking  qualities  of  the  lig- 
nite as  compared   with  soft  coal? 

Dr.  Phillips — It  smokes  quite  badly ;  the  shade  is  more  brown 
than  black.  We  have  some  large  problems  to  handle  down  there, 
as  the  population  is  increasing  very  rapidly,  there  being  now  nearly 
4,000,000  people,  but  there  is  no  fuel  to  build  up  great  enterprises 
on.    Many  of  these  problems  will  be  solved  by  the  use  of  lignite. 

Mr.  Abbott — ^Did  I  understand  you  to  say  that  the  price  of  this 
oil  is  about  60c  a  barrel? 

Dr.  Phillips — Yes,  nominally. 

Mr.  Finley — Are  they  producing  any  asphalt  from  the  Beau- 
mont  fields? 

Dr.  Pliillips — Only   as  residuum   from  the   refineries. 

Mr.  C.  O.  Billozv — Are  they  making  any  briquets  from  the 
Beaumont   oil  ? 

Dr.  Phillips— Ko. 

Mr.  F.  A.  Flathcr — Wliat  commercial  use  do  you  make  of  the 
asphalt  oils? 

Dr.  Phillips — ^They  are  distilled  in  the  refineries  at  Port  Arthur 
and  Houston. 

Mr.  Flather — Is  any  of  it  used  in  crude  form  for  fuel  purposes? 

Dr.  Phillips — ^There  are  some  engines  on  rice  farms  using  crude 
oil,  and  an  engine  of  28  brake  H.  P.  will  deliver  about  20  H.  P. 

Mr.  Billozv — ^They  do  not  have  any  difficulty  in  burning  the  oil 
under  boilers  do  they? 

Dr.  Phillips — No ;  no  trouble  under  locomotives. 

Mr.  Flather — Can  they  burn  it  without  smoking, — can  they  pre- 
vent the  burner  from  smoking? 

Dr.  Phillips — Yes,  large  water  boilers  run  days  at  a  time  with 
but  a  slight  gray  haze  at  the  top  of  the  stack. 

Mr.  Flather — Do  not  the  pipes  and  burners  clog  up  at  all? 

Dr.  Phillips — To  some  extent  at  times.  The  best  installations 
are  with  steam,  instead  of  compressed  air. 

Mr.  Abbott — With  oil  at  6oc  a  barrel  and  coal  at  $6.00  a  ton 
I  do  not  know  why  they  burn  any  coal  in  Texas. 

Dr.  Phillips — ^The  great  consumption  of  coal  is  for  domestic 
purposes ;  there  are  few  large  manufacturing  establishments. 

Mr.  Finley — ^How  does  the  Beaumont  oil  with  the  asphalt  base 
compare  with  the  units  of  the  oil  with  the  paraffine  base? 
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Dr.  Pliillif>s — There  is  not  much  difference.  In  practice  they 
will  tell  you  anywhere  that  from  3i  to  3^  barrels  of  oil  is  equiva- 
lent to  a  ton.  of  good  soft  coal — Indian  Territory  coal. 

Mr.  Billozc — That  Indian  Territory  coal  is  a  pretty  good  qual- 
ity of  coal,  is  it  not? 

Dr.  Phillips— Yes. 

Mr.  Flather — Mow  do  you  extinguish  those  large  oil  fires? 

Dr.  Phillips — They  generally  have  to  burn  out,  practically.  They 
isolate  them.  Where  they  can  catch  them  in  time  they  extinguish 
them  with  steam. 


THE  DEVELOPMENT  OF  REINFORCED  CONCRETE  IN  BUROPE. 

By  E.   Probst,   C.  E.,   of  Vienna,   Austria. 
Read  Nox'.  2,  igo^. 

A  concrete  construction  firm  exhibiting  at  the  \\'orld's  Fair 
advertises :  "We  do  what  they  did  2,oco  years  ago."  It  is  true 
they  did  it.  but  how,  and  in  what  connection?  Twenty  years 
ago  concrete  work  was  built,  but  what  a  big  difference  there  is 
between  that  time  and  now.  No  other  branch  of  engineering 
work  has  progressed  as  much  as  concrete  (and  especially  rein- 
forced concrete)  construction  in  the  last  few  years.  It  is  too 
early  yet  to  call  our  age  the  "cement  age,"  but  there  is  no  doubt 
that  the  coming  age  will  be  the  "concrete  age." 

You  gentlemen  have  more  opportunity  for  big  works  than 
European  engineers.  You  have  the  largest  bridges.  A'ly  coun- 
tryman, Prof.  ]\felan,  did  not  see  as  many  bridges  of  his  design 
in  Europe  as  you  have  built  in  one  year.  But  in  one  point 
Europe  and  America  are  alike.  It  is  the  introduction  of  a  great 
many  systems  which  are  of  little  advantage.  For  instance,  the 
man  who  has  done  more  in  Europe  than  any  other  man  in  intro- 
ducing reinforced  concrete  in  building  construction,  is  Mr,  Hen- 
nebique,  whose  system  is  not  modern  at  all.  He  has  created 
both  in  Europe  and  America  a  system  business,  but  a  man  who 
did  not  want  to  pay  for  using  Hennebique  patents  simply  changed 
a  stirrup  or  some  other  detail  and  got  a  new  system,  usually 
giving  it  a  new  title. 

Unfortunately /many  of  these  people  did  not  understand  the 
concrete  business,  and  they  have  retarded  the  de^■elopment  cf 
concrete  construction.  But  now  the  public  is  getting  more 
and  more  familiar  with  this  construction  and  does  not  object 
to  using  concrete  as  a  building  material.  For  this  reason  I 
think  engineers  ought  to  be  cautious  and  do  all  they  can  in 
studying  this  modern  building  material.  The  more  tests  and 
the  more  calculations  we  make  which  give  satisfactory  results  in 
practice,  and  the  more  scientifically  we  try  to  treat  this  subject, 
the  more  we  approach  "the  concrete  age." 

Reinforced  concrete  was  used  in  the  United  States  and 
England  a  long  time  before  the  magnificent  qualities  of  this 
material  were  fully  known.  I  think  it  is  for  nearly  fifty  years. 
In  Europe  no  reinforced  concrete  was  known  or  used  at  that 
time.  In  recent  years  the  gardener,  Monier  of  Paris,  accident- 
ally found  out  the  good  qualities  of  concrete,  and  afterward  of 
concrete  reinforced  by  wire  netting,  which  he  used  to  make  his 
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g-arck'ii  pots  or  riowcr  pots  less  frag-ilc.  After  having  seen  his 
success,  he  made  reservoirs  and  pipes  of  reinforced  concrete, 
but  no  scientific  treatment  was  known  to  him.  The  era  of 
reinforced  concrete  commenced  when  civil  engineers,  both  the- 
oretically and  practically  educated,  became  interested  in  this  line 
and  started  to  build  all  kinds  of  construction  and  to  find  out 
the   best   \\a\    to   fisiure   them.     At    nearly   the   same   time,   rein- 
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forced  concrete  was  used  in  buildings  by  a  Belgian  architect. 
He  was  asked  to  build  a  fireproof  residence.  He  chose  steel 
and  stone.  An  experience  in  a  fire  in  a  factory  showed  him  the 
necessity  of  enveloping  the  iron  to  protect  it  from  the  direct 
influence  of  the  fire,  and  he  used  for  this  purpose  cement  mor- 
tar. In  this  case  the  mortar  had  only  to  protect  the  iron,  and 
the  iron-structuri'  had  to  carry  the  whole  load.     Later  he  reduced 
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the  section  of  the  iron  and  used  both  the  concrete  envelope  and 
the  iron  to  give  the  required  strength. 

The  fatherland  of  reinforced  concrete  is  undoubtedly  France. 
I  mention  the  fundamental  results  which  Considere  got  out  by 
his  tests,  which  showed  the  superior  qualities  of  the  combina- 
tion of  concrete  ^\'ith  iron.  He  found  out  how  superior  are  the 
qualties  of  concrete  reinforced  with  iron  above  the  concrete 
alone.  He  discovered  what  created  so  much  sensation,  that 
reinforced  concrete  can  extend  lo  to  20  times  as  much  as  con- 
crete of  the  same  composition  without  any  iron,  and  it  was 
explained  that  the  iron  had  the  quality  to  make  the  concrete 
more  extensible,  a  quality  which  we  cannot  explain. 

Results  obtained  from  31  large  beams  of  six  different  kinds  of 
reinforcement  show  practically  the  same  results  as  those  of  ^Ir. 
Considere,  that  the  concrete  reinforced  with  iron  has  a  larger 
extension  than  concrete  alone. 

The  two  principal  questions  always  mentioned  by  the  ene- 
mies of  the  new  construction  mlaterial,  are : 

1.  Does  the  iron  embedded  in  concrete  rust,  and  what  influ- 
ence has  this  rust  on  the  construction? 

2.  Is  there  any  adhesion  between  iron  and  concrete ;  and  if 
so,  how  strong  is  it? 

Practical  experience  has  shown  that  the  iron  embedded  in 
concrete  does  not  rust.  Baurat  Pfeuffer,  vice-president  of  the 
Austrian  Society  of  Civil  Engineers,  and  a  prominent  bridge 
engineer,  had  to  rebuild  a  bridge  with  piers  o  fstone  embedded  in 
mortar.  When  he  pulled  down  the  piers  he  found,  in  this  old 
construction,  a  hammer  embedded  in  the  mortar,  which  one  of 
the  laborers  had  probably  lost  during  its  construction.  It  was 
ver}"  hard  to  tear  off  the  mortar  and  the  tool  was  perfectly 
polished,  and  without  any  rust  on  it.  This  shows  the  adhesion 
between  concrete  and  steel,  and  also  shows  that  iron  does  not 
rust  at  all  in  concrete. 

Bauschinger  made  tests  in  1892  for  the  purpose  of  ascertain- 
ing if  too  much  water  used  in  the  concrete  does  not  hurt  the 
iron ;  and  he  used  broken  test  pieces  of  reinforced  concrete, 
laying  them  in  water,  in  the  air,  and  in  ditcli  water  for  some 
time,  and  he  found  that  the  reinforcement  was  not  damaged  at 
all  by  the  influence  either  of  water  or  changes  of  temperature. 

In  1892  \\'a}'ss  and  Frcytag,  well  knov/n  contractors  in  Aus- 
tria and  Germany,  built  in  a  small  city  the  whole  water  pipe  sys- 
tem of  reinforced  concrete.  'Jliese  pipes  were  some  time  under 
water  and  were  of  very  small  dimensions,  and  the  reinforce- 
ment was  only  wires  of  a  very  small  section.    A  few  months  ago 
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the  hnii  asked  tlie  city  building  tlepartnieuL  to  change  one  pipe 
at  the  risk  of  the  firm.  The  results  certified  by  the  city  building 
dej^artnient,  were  published  in  our  periodical  paper,  "Concrete 
and  Steel,"  and  show  that  the  small  wires  hatl  not  rusted  in  the 
least,  and  the  adhesion  results  were  satisfactory;  and  these  tests 
were  made  of  the  pipe  after  eleven  years'  service.  Theory  has  shown 
that  cement  is  the  best  protection  against  rust,  consequently  we 
have  to  use  for  reinforced  construction  a  pretty  fat  mixture  of 
cement  mortar. 

Mr.  ^loersch  from  Berlin,  now  professor  in  Zurich,  has  made 
tests  of  the  adhesion  between  concrete  and  steel,  and  finds  that 
with  certain  mixtures  the  adhesion  was  as  follows 
Cement  &  Sand  Water  Adhesion. 

I  to  I  io%  46  kg.  per.  sq.  cent. 

I  to  2  15%  49  kg.  per.  sq.  cent. 

I  to  3  40  kg.  per.  sq.  cent. 

I  to  4  38  kg.  per.  sq.  cent. 

He  found  after  a  number  of  tests  of  reinforcement  by  plain 
bars  that  to  reach  the  best  adhesion  between  concrete  and  steel, 
it  is. necessary  to  take  a  sufficient  percentage  of  water;  i.  e.,  to 
make  the  mixture  plastic.  He  shows  further  that  the  adhesion  is 
small  with  a  poor  or  lean  mixture  of  cement  mortar,  and  that 
the  adhesion  is  hig-her  with  a  fat  mixture. 

Some  engineers,  especially  here  in  the  United  States,  claim 
that  the  adhesion  ceases  after  a  number  of  years,  and  that  after- 
wards there  is  only  the  mechanical  bond  between  iron  and  con- 
crete. ^^"e  have  used  in  Europe  imtil  now,  as  far  as  I  know, 
only  plain  bars,  and  we  have  built  reinforced  concrete  for  a 
long  time,  and  the  results  do  not  show  any  failure  on  account 
of  incomplete  adhesion  between  the  concrete  and  steel.  Of 
course  we  have  to  be  very  cautious  in  this  matter,  and  to  wa't 
for  more  tests  and  studies  in  this  line  before  we  can  arrive  at 
definite  conclusions. 

There  is  no  doubt  that  reinforced  concrete  is  fire-proof.  You 
have  seen  the  results  of  the  Baltimore  fire  and  some  others,  and 
in  my  mind  there  is  no  building  material  as  fireproof  as  concrete. 

In  this  short  paper,  which  may  give  you  only  a  small  idea  of 
the  development  of  reinforced  concrete  construction,  it  is  impos- 
sible to  speak  of  all  kinds  of  construction  which  can  be  done  in 
reinforced  concrete. 

I  mention  the  dififerent  bridge  systems  with  and  without  hinges. 
Hennebique  bridges  have  not  shown  very  good  results,  as  Mr. 
Considere  states  in  his  paper  before  the  Engineering  Congress. 
The  Monier  system  of  reinforcing  concrete  arches  with  wire  net- 
ting has  led  10  the  development  of  a  great  many  arch  systems, 


Probst — Reiiifortcd  Concrete  in  Europe. 


597 


more  or  less  successful.  Prof.  Alelan's  system  has  been  much 
used  by  the  Concrete  Steel  Eng'ineering  Co.  of  New  York,  and 
was  introduced  in  this  country  by  Dr.  von  Empergei. 

In  the  matter  of  water  pipes,  I  would  mention  the  Bordenave 
system.     The  reinforcement  is  of  "I"  beams  in  both  ways,  thus 


Reinforced  Concrete  Pipe  for  Conveying  Water. 

providing  a  good  connection  between  the  iron  and  the  concrete. 
This  has  been  used  for  the  construction  of  a  pipe  system  in 
L'once-el-Vebir  in  Algier.  Bordenave  made  his  first  exhibit  in 
Paris  in  1889.  Coignet  and  Bonna  have  used  their  own  system 
for  waterj  pipes,  and  construction  made  in  the  Coignet  system. 

t  I 
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Reinforced  Concrete  Pipes  Placed  in  Subway  of  Reinforced  Concrete. 

In  Paris,  where  they  used  a  great  deal  of  reinforced  concrete 
pipes,  they  have  found  that  it  is  about  20  per  cent  cheaper  than 
masonry  work. 
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But  all  above  mentioned  works  are  only  to  show  what  has 
been  done  in  Europe  in  this  line  since  1889. 

I  would  like  to  go  more  thoroui^hly  into  the  use  of  reinforced 
concrete  as  building  material,  which  is  most  interesting  at  the 
present  time.  In  building  construction  the  use  of  concrete  for 
foundations  are  footings  is  generally  acknowledged  to  be  the  best 
on  account  of  its  high  compression  strength  and  its  cheapness. 
In  columns  made  of  concrete,  reinforcement  is  necessary  not 
only  to  provide  against  lateral  bending-  and  shear,  but  also  to 
prevent  cracks.  Besides  the  Hennebique  system,  a  great  many 
other  systems  are  used.  In  Hamburg  there  is  a  six-story  factory 
building  of  reinforced  concrete,  with  the  front  columns  cov- 
ered by  sandstone. 

Stairways  have  been  built  in  reinforced  concrete  for  several 
years,  and  a  stairway  was  built  ten  years  ago  in  the  garden  of 


Reinforced  Concrete  Stairway,  Monier  Construction. 


the  Portland  cement  factory  in  Stettin.  Germany,  on  the  Monier 
system.  The  stairway  is  supported  by  two  arches,  and  was 
loaded  after  the  erection  with  a  load  of  100  lbs.  per  square  foot 
and  did  not  show  any  crack. 

A  very  difficult  construction  in  reinforced  concrete  is  a 
cupola,  which  was  made  in  1889  to  cover  the  tomb  of  Emperor 
Frederick  in  I'otsdam.  The  construction  is  on  the  INIonier  sys- 
tenti.  The  ten  ribs  are  reinforced  by  Avire  netting  and  both  on 
the  outside  and  inside  is  a  small  sized  INIonier  covering-.  The 
roof  was  ccnered  witli  copper,  and  the  s]")acc  five  feet  above  the 
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base  of  the  cuiDola  was  filled  with  concrete,  to  take  up  the  push 
from  the  ribs.  The  lantern  which  crowned  the  cupola  was  also 
made  on  the  Monier  system. 

A  new  building  erected  in  \'ienna  (Austria)  has  a  corner  tower 
or  cupola  of  reinforced  concrete  construction.  The  radius  of  the 
cupola  is  about  9  feet  6  inches.  Its  height  is  about  15  feet.  It 
is  made  on  the  Monier  system,  reinforced  by  wire  netting. 

By  far  the  most  interesting  and  difficult  design  is  that  of  the 
floors  in  a  building.  I  remember  the  most  simple  constructions 
in  the  beginning  of  the  concrete  era,  concrete  arches  between  I 
beams  which  were  used  a  great  deal  in  Europe  in  factories  and 
other  common  buildings. 

The  Koencu  Vountenphatte,  so  called  after  the  well  known  pio- 
neer of  concrete  works  in  Berlin,  has  a  reinforcement  embedded 
in  the  concrete,  attached  to  T  beams  on  hoth  sides,  this  reinforce- 
ment being  made  according  to  the  difiference  in  tensile  strength  in 
different  sections. 

]\Iany  other  systems  have  been  made,  like  or  unlike  Hennebique, 
with  stirrups  or  without  stirrups,  for  protection  against  shear.  All 
of  these  have  the  disadvantage  that  they  obstruct  the  building,  and 
that  it  is  necessary  to  make  them  in  place  with  more -or  less  center- 
ing and  that  they  are  solid,  which  are  very  heavV.  and  that  need 
very  much  material.  Mr.  Siegwart,  a  civil  engineer  in  Switzerland, 
invented,  three  years  ago,  a  really  new  system.  He  designed  beams 
like  wooden  or  iron  beams  in  a  factor}',  making  them  hollow,  thus 
reducing  the  weight,  besides  other  advantages.  Visintini,  an  Aus- 
trian, who  has  worked  in  concrete  and  reinforced  concrete  in 
Switzerland,  invented  a  new  system  two  years  ago,  a  real  latticed 
system  of  beams  in  reinforced  concrete. 

The  Visintini  system  of  girders  can  be  used  for  floor  construc- 
tion as  well  as  for  bridge  construction.  The  principle  of  the  con- 
struction is  that  every  beam  can  be  made  either  8  inches  wide  or  i 
foot  wide. 

In  the  first  case  two  iron  frameworks  for  reinforcement  are 
embedded  in  the  concrete  in  two  longitudinal  sections  5  inches  apart, 
one  rod  in  the  upper  flange  and  one  rod  in  the  lower  flange.  l:oth 
rods  connected  with  iron  ties. 

In  the  second  case — i  foot  beam — there  are  three  reinforce 
frameworks  emlicddcd  in  about  the  same  distance  as  in  the  8  inch 
wide  beam,  the  rods  in  the  tension  member  being  simply  bent  around 
to  the  upper  and  lower  flange.  They  are  put  in  place  side  by  side 
under  recesses;  the  space  between  the  two  beams  is  filled  (Uit  with 
mortar  in  a  mixture  of  i  to  3. 

From  a  theoretical  point  of  view  it  has  the  same  advantage  over 
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the  solid  beams  as  latticed  steel  girders  have  over  the  plain  plate 
girders.  The  stresses  are  distributed  in  the  center  of  every  mem- 
ber as  we  assume  hinges  at  every  panel  point  as  in  lattice  steel 
girders.    Tho  concrete  is  only  to  take  up  compression  and  it  is  not 
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Reinforced  Concrete,  Visintini  System  for  Stairways  and  Beams. 

figured  for  tension,  the  tension  being  carried  by  the  steel  bars, 
which  are  emiiedded  both  in  the  upper  and  lower  flange  and  in  the 
ties;  the  diigonal  struts  are  made  in  concrete  only,  as  there  is  no 
tension  in  them,  and  the  concrete  alone  can  take  up  the  compression 
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stresses.  It  would  not  be  necessary  to  reinforce  the  upper  flange, 
because  it  has  no  tension  in  it  except  to  furnish  attachment  for  the 
diagonal  ties. 

The  design  of  these  beams  is  very  simple ;  the  stresses  of 
every  member  can  be  figured  both  in  an  analytical  and  graphical  way 
in  the  same  manner  as  for  lattice  steel  girders.  After  having 
figured  the  stresses,  it  is  easy  to  find  out  the  section  of  every 
member;  the  tedious  method  necessary  to  figure  the  neutral  axis  in 
other  systems  is  not  necessary  in  calculating  the  Visintini  lattice 
girders,  as  the  resultant  stress  works  to  the  center  of  every  section. 
The  girders  can  be  made  to  a  span  of  about  30'  feet. 

Mr.  Visintini  designed  a  bridge  for  Breslau  (Germany)  with  a 
clear  span  of  35  feet.  The  beams  were  8  in.  wide,  with  the  upper 
flange  6  in.  thick  at  the  center,  and  4  in.  thick  at  the  support,  and 
with  4  bars,  of  ^'^-in.  diameter. 

The  lower  flange  was  uniform,  3.5  in.  thick;  with  4  bars  of  i-in. 
diameter,  and  the  diagonals  were  13^  in.  thick;  with  4  bars  Yz  in. 
diameter.  The  height  of  the  beam  is  about  28  in.  at  the  center ;  the 
live  load  was  160  pounds  per  square  foot,  and  the  dead  weight  about 
80  pounds  per  running  foot. 

Both  Siegwart  and  Visintini  beams  are  fireproof.  The  Sieg- 
wart  beams,  which  were  tested  in  New  York  city  last  August,  with- 
stood a  fire  of  1,800  degrees  F.  all  right.  The  Msintini  beams  stood 
fire  tests  at  the  London  Exposition  fire  in  1903,  and  a  new  test, 
which  was  made  about  two  months  ago  in  Trieste,  showed  the  best 
results  for  the  protection  of  the  iron  against  the  fire,  although  the 
concrete  protecting  the  steel  bars  is  only  Y^-in.  thick. 

The  test  was  carried  out  on  two  girders,  each  10  inches  high, 
8  inches  wide,  and  a  length  of  about  17  feet;  between  the  two  beams 
was  supported  one  Monier  slab,  iVz  inches  thick  and  about  4  feet 
wide.  These  two  supports,  attached  to  the  beams,  were  13^2  inches 
high  and  1^4  inches  wide.  The  clear  span  of  the  girders  was  about 
16  feet.  The  floor  had  a  dead  load  of  32  pounds  per  square  foot, 
and  was  loaded  with  2,000  pounds.  The  fire,  which  was  made  to 
test  this  floor,  lasted  half  an  hour,  and  was  of  a  temperature  of  about 
2,000  degrees  Fahrenheit.  It  was  extinguished  by  water,  then  the 
floor  was  allowed  to  cool  off  and  was  loaded  with  2,620  pounds, 
which  is  nearly  five  times  the  safe  load.  The  girder  showed  not 
the  slightest  cracks — only  a  deflection  of  about  ^  inch,  and  broke 
down  under  a  load  of  2,8co  pounds.  The  beams  had  an  age  of  only 
a  few  days. 

The  advantages  of  this  system  are  as  follows: 

I  St.  The  beams  can  be  made  in  a  factory  under  good  super- 
vision, and  prepared  during  the  excavation  and  other  building  work. 
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2nd.  They  have  a  iiiiiiiimiin  of  material  and  more  strength  than 
a  solid  heain  of  the  same  height. 

3rd.     Their  dead  load  is  less  than  hy  other  systems. 

4th.     The  flues  can  he  used  for  i)ipes  and  conduits. 

5th.  The  Hues  are  filled  with  air  and  temper  the  building  and 
make  it  impervious  to  sound ;  the  vibration  is  less  than  with  solid 
construction,  as  these  arc  distributed  at  every  panel  point, 

in  closing  I  would  like  to  mention  the  pioneers  in  the  concrete 
steel  science  in  Europe ;  most  of  them  you  know  very  well. 

In  I'rance,  Mr.  Considere,  whose  testing  works  are  known  all 
over  the  w^orld ;  Mr.  Christcphe,  whose  book,  "Practical  Treatise  on 
Reinforced  Concrete,"  was  the  first  collection  of  executed  works  in 
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reinforced  concrete;  Mr.  Coignet;  and  the  father  of  reinforced  con- 
crete business,  Mr.  Hennebique ;  and  last,  but  not  least,  Mr,  de 
Tevesco,  whose  book,  printed  a  few  months  ao  and  containing 
designs  of  reinforced  concrete  work  of  different  systems,  will  be 
more  appreciated  a  few  years  later,  as  it  is  the  work  of  a  man  who 
has  worked  in  plain  and  reinforced  concrete  since  the  beginning. 
In  Germany :  The  theorists  are  Bach  and  Bauschinger,  Koenen  and 
Prof.  Moeller,  from  Baunschweig.  In  Austria:  Dr.  V.  Emperger, 
the  editor  of  our  periodical  paper,  "Beton  und  Eisen,"  a  man  who  is 
known  in  the  United  States  as  well  as  in  Europe. 

Gentlemen,  wdiat  I  have  told  you  about  the  development  of  re- 
inforced concrete  in  Europe  and  of  the  new  types  of  construction 
is  only  a  very  little  view  of  what  is  done  and  what  is  being  done  in 
Europe,  and  T  only  wish  we  EurojX'ans  could  have  m.ore  understand- 
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ing  with  you  than  only  by  the  papers.  Engineering  works  are  in- 
ternational, and  a  scientific  understanding  by  the  civilized  nations 
helps  very  much ;  and  so  I  hope  we  will  have  more  exchange  of 
ideas  in  the  future  in  the  particular  line  of  reinforced  concrete  con- 
struction. 

DISCUSSION. 

Mr.  W.  L.  Abbott — It  is  difficult  now  to  comprehend  how  re- 
luctant people  were,  only  a  few  years  ago,  to  use  concrete.  I  can 
remember  that  fifteen  years  ago  scarcely  any  reputable  engine 
builder  would  risk  his  engine  on  a  concrete  foundation.  They 
would  say,  "Concrete  may  be  all  right,  but  we  know  that  a  founda- 
tion built  of  brick  or  stone  is  all  right."     With  the  development  of 
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Floor  Construction. 

concrete  work,  and  especially  reinforced  concrete  work,  within  the 
past  ten  years,  we  may  look  for  more  startling  improvements  in  the 
future. 

Mr.  McCulloHgh — I  think  there  was  a  little  misstatement  in  a  re- 
mark that  Mr.  Probst  made  about  the  reinforcing  of  the  experi- 
mental beam ;  that  is,  I  believe  he  stated  that  the  reinforcement  in 
the  upper  cord  of  the  beam  was  three  inches.  This  should  have 
been  three  rods,  each  of  one  inch,  should  it  not? 

Mr.  Probst — Yes,  vou  are  correct. 


004  Discussion  —  Keiti/oned  Concrite  in  l.urofe. 

Mr.  Scluutb — I  have  been  very  much  interested  in  this  pajjcr, 
in  as  much  as  it  confirms,  in  a  measure,  some  of  the  practice  in  this 
country  ;  but  1  must  confess  that  I  was  a  Httle  disappointed  that 
there  were  not  some  structures  shown  which  are  used  for  carrying 
vibrating  loads,  such  as  railway  bridges.  The  use  of  concrete  for 
static  loads  is  entirely  dilYerent  from  its  use  for  vibrating  loads,  and 
I  would  like  to  ask  whether  such  structures  are  used  for  railway 
purposes  ? 

-1//'.  Probst — Xot  very  much.  As  far  as  1  remember,  arch, 
bridges  for  railways  have  been  made  50  to  100  foot  span ;  I  know  of 
some  works  of  Wayss  and  Freitag  in  Bavaria,  also  two  in  Austria ; 
but  I  do  not  remember  very  much  other  work  in  railway  bridges. 

Mr.  Schcnib — I  do  not  think  any  of  the  American  railway  engi- 
neers would  risk  a  structure  built  on  the  lines  illustrated  tonight. 
I  think,  too.  that  tlie  forms  of  construction  are  running  a  little  wild, 
both  in  this  country  and  in  Europe.  I  feel  sure  than  an  American 
engineer  would  not  approve  of  the  lattice  form  of  girder,  such  as 
was  shown  on  the  screen,  for  railway  purposes  in  this  country. 

Mr.  Probst — As  far  as  I  know  Mr.  Visintini  did  not  expect  this 
system  would  be  used  for  large  railw^ay  bridges. 

Mr.  Schaiib — If  the  principle  is  right  in  one  case,  it  seems  to  me 
it  ought  to  be  right  in  all  cases. 

Mr.  Probst — ^The  principle  is  all  right  for  buildings  and  highway 
bridge  purposes,  but  it  has  not  been  figured  out  for  moving  loads, 
such  as  in  large  railway  [bridges. 

Mr.  rinlcy — But  why  have  they  not  gone  more  into  railway 
bridge  work  in  Europe? 

Mr.  Probst — First,  because  they  do  not  do  very  much  work  in 
railway  bridges  in  Europe  in  the  line  of  reinforced  concrete.  The 
same  is  true  there  as  here  in  the  United  States — that  reinforced  con- 
crete is  not  very  nmch  liked  by  engineers  who  are  not  interested  in 
reinforced  concrete  works  or  by  the  railway  people. 

Mr.  Findlcy — Have  you  had  any  trouble  from  the  failure  of  re- 
inforced concrete  used  for  buildings  that  would  lead  others  to  doubt 
the  advisability  of  its  use  for  railroad  bridges? 

Mr.  Probst — We  had  the  first  failure  in  Switzerhuul  some  years 
ago  in  the  way  of  building  construction ;  the  construction,  I  believe, 
being  very  much  like  the  Hennebique  system.  From  that  time  the 
development  of  reinforced  concrete  was  interrupted  for  a  long  time 
in  Switzerland,  but  concrete  and  reinforced  concrete  is  once  more 
being  used  very  extensively.  Especially  in  A'ienna  and  Berlin  they 
are  using  it  for  floors  and  columns. 

Mr.  finlcy — Have  they  had  many  concrete  failures? 

Mr.  Probst — Not  many  ;  the  failure  I  referred  to  at  Munich  was 
not  due  to  the  concrete  work,  but  was  the  fault  of  bad  super\ision. 
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Mr.  Fi)ilcy — What  I  am  trying  to  get  at  is  the  nature  of  the  fail- 
ures ;  whether  they  were  ckie  to  the  form  of  construction,  materials 
or  poor  workmanship? 

Mr.  Probst — I  am  inclined  to  think  that  both  the  bad  centering 
and  poor  labor  caused  these  failures. 

Mr.  Finley — What  would  you  think  would  be  the  result  in  the 
case  of  a  building  constructed  according  to  the  last  form  shown  in 
the  illustration,  in  the  case  of  a  slight  earthquake.  What  would  be 
the  effect  on  that  type  of  construction  ? 

Mr.  Probst — The  effect  would  be  the  same  as  in  any  kind  of 
construction.  Did  you  think  the  effect  would  be  different  in  this, 
particular  kind  of  construction? 

Mr.  Fiiilcy — I  question  whether  a  building  constructed  according 
to  that  form,  if  subjected  to  an  earthquake,  would  prove  as  efficient 


Reinforced  Concrete  Beams,  Visintini  System,  may  be  Arched  as  Well  as  Flat. 

as  steel  construction,  for  the  reason  that  the  concrete  w^ould  be  sub- 
ject to  stresses. 

Mr.  Probst — I  believe  in  reinforced  concrete,  and  I  think  an 
earthquake  would  have  no  more  effect  on  a  reinforced  concrete  con- 
struction than  with  iron  or  steel  construction. 

Mr.  I'inley — From  the  fact  that  you  are  not  developing  reinforced 
concrete  in  Europe — the  home  of  it — this  indicates  that  you  have  not 
confidence  in  it  yourself. 

Mr.  Probst — If  T  could  build  a  Ijridge  now  in  Europe,  I  would  do 
it  right  away.  Mr.  Lindenthal,  who  is  a  steel  man,  told  me  a  few 
weeks  ago  at  the  Engineering  Congress  that  he  is  now  giving  a 
good  deal  of  study  to  reinforced  concrete  bridges  for  railway  pur- 
poses. 
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Mr.  Finley — Vcs,  a  great  many  arc  tlrcaniing  about  this. 

Mr.  Scafert — Is  there  not  a  design  of  a  bridge  in  the  railway 
exhibit  in  the  Austrian  Building  at  St.  Louis? 

Mr.  Probst — In  the  Austrian  Building  there  is  a  model  of  the 
false-work  for  a  240-foot  span  bridge  now  being  built  entirely  of 
concrete ;  a  single  arch,  and  not  reinforced. 

Mr.  Schaiib — ^Perhaps  I  may  have  given  Mr.  Probst  the  wrong 
impression.  There  are  some  railroad  bridges  being  built,  but  not 
according  to  the  design  shown  on  the  screen. 

Mr.  Spclman — Would  the  bars,  in  the  compression  flange,  take 
care  of  the  earthquakes? 

Mr.  Probst — I  will  simply  say  that  we  will  have  to  wait  for  the 
next  earthquake. 


Reinforced  Concrete  Beam,  \'isintini  System,   made  away  from   the 
Buildinc;  but  to  be  ca.'ried  there  and  set  in  place. 


Mr.  Abbott — The  object,  as  I  understand  it,  in  putting  those  iron 
bars  in  the  upper  flange  is  for  mechanical  strength  in  handling  it. 

Mr.  Probst — It  is  only  for  better  connection  between  the  lower 
and  upper  flange.  Otherwise  it  would  not  be  necessary  to  put  any 
iron  in  the  upper  flange. 

Mr.  McCnllough — As  I  understand  it,  you  place  in  the  tension 
members  of  that  truss,  tension  rods  to  take  up  the  stress. 

Mr.  Probst — The  tensile  stress  is  only  taken  up  by  the  rods  and 
the  concrete  does  not  take  up  any  tension  stresses. 

Mr.  McCnllough — In  the  tension  members  of  the  trusses  or 
beams  you  put  wire,  or  rods,  and  it  is  connected,  by  the  stirrup,  to 
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the  longitudinal  bar  in  the  beam  and  the  top  members.  The  idea 
that  these  gentlemen  were  trying  to  convey  was  that  putting  longi- 
tudinal reinforcements  in  the  upper  member  of  the  girder  causes  an 
actual  loss  of  strength.  Could  not  that  matter  of  connecting  the 
rods  be  arranged  by  putting  in  the  top  member  pieces  going  across, 
instead  of  lengthwise  of  the  girder? 

Mr.  Probst — I  do  not  tliink  it  is  necessary.  As  far  as  I  know  the 
longitudinal  rods  all  make  the  upper  flange  stronger,  because  the 
iron,  in  connection  with  the  concrete,  has  to  take  up  the  compression 
in  the  upper  members. 

Mr.  McCnllough — But  in  the  experiments  that  have  been  made, 
any  reinforcement  made  in  the  compressive  side  of  the  bar  tends  to 
lessen  the  strength  of  the  bar.    W^iat  factor  of  safety  do  you  use  ? 

Mr.  Probst — The  factor  of  safety  is  lo  for  concrete  and  5  for 
steel. 

Mr.  McCnlloiigli — It  might  be  interesting  to  make  one  without 
any  longitudinal  rods  in  the  top  member,  one  with  longitudinal 
rods,  and  then  make  another  with  the  pieces  across,  and  test  all  of 
them,  similarly. 

Mr.  Probst — The  results  of  tests  which  have  been  made  with  the 
longitudinal  rods  have  been  very  satisfactory. 

Mr.  McCnUongh — The  idea  that  these  gentlemen  are  trying  to 
bring  out  is  that  in  the  case  of  stresses  in  the  steel  concrete  con- 
struction, the  presence  of  that  longitudinal  reinforcement  in  the 
top  member  of  the  Visintini  beam,  might  prove  a  source  of  weak- 
ness. 

Mr.  Probst — But  I  do  not  think  that  is  the  case. 

Mr.  Condron — In  regard  to  the  factor  of  safety,  Mr.  Probst 
says  that  in  their  designing  they  use  a  factor  of  safety  of  10  for 
concrete  and  5  for  steel :  what  is  the  element  of  stress  in  the  steel 
taken  at?    Or,  what  is  your  working  stress  in  the  steel? 

Mr.  Probst — Fifteen  thousand  pounds  per  square  inch. 

Mr.  Abbott — Am  I  to  understand  from  that  a  reinforced  beam 
would  be  stronger  without  concrete  in  the  lower  member,  or  with 
the  steel  not  encased  in  cement? 

Mr.  Condron — No,  that  is  not  the  correct  understanding. 

Mr.  Abbott — I  understood  from  your  statement  that  the  beam 
fails  when  the  steel  reaches  its  elastic  limit. 

Mr.  Condron — Yes,  it  does. 

Mr.  Abbott — If  it  were  not  encased  in  cement  it  would  not  fail 
until  it  reached  its  limit  of  strength. 

Mr.  Spclman — Am  I  correct  in  understanrling  that  the  statement 
was  made  that  a  beam  with  reinforcing  rods  on  the  upper  side  are 
not  as  strong  as  one  without  them. 
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Mr.  Abbott — 'Ihat  was  the  statement  made. 

Mr.  Sf>clman — That  putting-  steel  in  the  compression  side  of  the 
beam  would  weaken  it? 

Mr.  McCullongh — The  experiments  that  were  made  showed  that 
a  soHd  beam,  reinforced  both  in  the  top  antl  in  the  bottom,  did  not 
develop  the  same  strength  as  in  a  l^eam  reinforced  in  the  bottom 
alone. 

Mr.  McCullongh  {by  letter) — It  seems  hardly  a  proper  thing  to 
look  too  soon  for  a  general  application  of  this  system  to  the  construc- 
tion of  highway  and  railway  bridges.  The  idea  of  the  inventor 
seems  to  have  l^een  to  secure  economy  of  material  and  lessening  of 
dead  load  in  building  construction.  Advocates  of  concrete  fire  re- 
sisting construction  as  opposed  to  tile  fire  proofing-  have  here  a  sys- 
tem which  removes  at  once  the  principal  objections  to  concrete, — 
excessive  weight.  It  also  settles  another  great  objection,  namely, 
slow  construction  because  of  the  necessity  for  the  use  of  forms, 
which  cannot  be  rem.oved  until  the  concrete  has  sufficiently  set. 

The  \'isintini  beams  and  columns  can  be  built  in  factories  and 
brought  to  the  building  site  precisely  as  metal  is  now  brought.  They 
are  set  in  place  w-ithout  forms  or  special  devices  ^^  any  kind,  and 
at  least  as  readily  as  wood.  The  form  of  truss  is  simple,  and  the  cal- 
culations simple.  The  concrete  is  not  expected  to  carry  any  ten- 
sile strain,  and  the  tensile  members  are  of  steel  protected  by  an  en- 
velope of  concrete.  The  compressionmembers  are  entirely  of  concrete. 
The  presence  of  metal  in  the  upper  chord  makes  no  exception,  as  it  is 
simplv  placed  there  to  tie  the  diagonals  to  the  lower  chord.  A  trans- 
verse piece  at  the  panel  points  would  serve  as  well,  but  would  not  be 
so  convenient.  Tlie  system  has  nothing  to  do  with  the  question  of 
the  employment  of  plain,  corrugated,  or  bulbous  rods,  but  is  simply 
a  new  method  for  reinforced  concrete  construction,  designed  to  save 
material  and  weight. 

It  is  common  nowadays  to  hear  engineers  say  that  steel  concrete 
is  onlv  better  than  solid  concrete  construction  when  the  reinforce- 
ment effects  a  saving  of  fifty  per  cent  of  concrete.  If  this  is  only 
partly  true,  such  a  system  as  here  described  will  repay  investigation. 
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Long  distance  telephony  as  a  practical  commercial  art,  is  of 
relatively  recent  origin  in  comparison  with  the  actual  use  of  the 
telephone  in  business  and  social  affairs.  Telephone  exchanges  ex- 
isted twenty-five  years  ago,  but  until  the  adoption  of  two  similar 
wires  for  each  circuit  and  the  adequate  treatment  of  circuits  with 
relation  to  each  other  to  prevent  mutual  interference,  conversations 
at  all  to  be  called  "long  distance"  were  limited  to  radii  of  twenty^ 
five  miles  or  so.  By  the  use  of  two-wire  lines,  instead  of  one-wire- 
and-ground-return  lines,  successful  talking  over  radii  of  a  thou- 
sand miles  or  more  has  been  possible  and  has  been  practiced  for 
about  twelve  years. 

The  original  telegraph  lines  laid  and  erected  by  Professor  Morse 
were  of  two  similar  wires  per  line,  and  the  early  circuits  copying 
after  his,  both  in  this  country  and  abroad,  were  so  arranged.  Once 
upon  a  time,  one  wire  of  such  a  line  in  Germany,  in  breaking,  fell 
with  both  its  ends  upon  the  earth  and  in  reasonably  good  contact 
with  it.  The  circuit  continued  to  be  a  practical  telegraph  line  even 
with  this  interruption  of  one  of  its  sides,  and  the  observation  of 
Steinheil  enabled  advantage  to  be  taken  of  the  accident  to  the  re- 
sult of  grounding  these  two  wires  immediately  at  the  end  stations. 
This  resulted  in  the  universal  adoption  of  one  wire  and  a  ground 
return  for  all  telegraph  purposes,  and  it  was  only  natural  that 
such  circuits,  having  become  universal  for  telegraphy,  should  be 
adopted  for  telephony  wdien  the  latter  made  its  appearance  imme- 
diately  after    1876. 

But  grounded  circuits  for  telephone  purposes  suffered  greatly 
from  mutual  induction,  styled  "cross  talk,"  and  had  the  further  dis- 
advantage, if  of  a  few  miles  length,  of  suffering  from  strange  and 
disturbing  noises  from  electrical  changes  from  instant  to  instant 
in  the  atmosphere  and  in  the  earth.  These  sounds  had  some  inter- 
est from  a  physical  point  of  view,  as  they  were  so  unlike  sounds  or- 
dinarily met  in  life  that  they  seemed  to  point  to  a  possibility  of  a 
useful  study  of  weather  and  other  conditions  of  the  earth.  Prac- 
tically, however,  they  were  a  great  obstacle  to  successful  telephony, 
and  their  abolition  by  the  use  of  the  two-wire  line,  or  metallic  cir- 
cuit,   made   a    distinct   new   progress   possible. 

The  earlv  wires  were  all  of  iron  or  steel,  copper  being  unsuitable 
because   of   its   tendency   to   stretch  and   then   to   break.      When   it 
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was  made  possible  to  dr.iw  wires  of  copper  in  such  a  way  as  to 
provide  a  strong-,  hard  outer  surface,  bare  hue  wires  of  sufificient 
strength  and  economical  smallness  were  available,  and  two  such 
wires  formed,  and  still  hirm,  the  highest  type  of  lonj^-distance  tele- 
phone  circuit. 

SIMULTANEOUS   TELEPHONV   AND  TELEGRAPHY. 

The  cost  of  the  path  over  which  talking  may  be  done  between 
points  widely  separated  is  so  great,  for  a  variety  of  reasons,  as 
to  prevent  a  wholesale  use  of  so  valuable  an  aid.     A  principal  rea- 
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son  why  the  investment  cost  reacts  upon  the  consumer  of  the  service 
is  that  the  circuit  is  available  for  personal  conversations  during  only 
such  hours  as  the  people  furnish  the  work  to  be  done,  and  a  consid- 
erable reward  always  has  awaited  an  arrangement  which  would 
utilize  the  idle  time  of  these  expensive  circuits  in  any  way  allowing* 
by-product  values  to  be  secured.      The   onlv   wa\-   which   has  been 
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found  so  far  is  that  of  utilizing  the  wires  of  the  telephone  circuit 
for  the  purpose  of  telegraphy,  as  well  as  for  transmitting  actual 
speech,  and  this  has  been  accomplished  by  taking  advantage  of  the 
very  considerable  difference  in  the  frequency  of  telegraphing  cur- 
rents  and  actual   voice   currents. 

Van  Rysselberghe,  of  Belgium,  has  made  the  largest  contribu- 
tion to  this  art.  It  is  a  development  of  his  system  which  utilizes 
each  wire  of  a  circuit  for  telegraphic  purposes,  whether  it  be  or  be 
not  used  for  talking  at  the  same  time  as  well.  A  simple  form  of 
simultaneous  working,  quite  rightly  named  "Simplex,"  is  that  illus- 
trated in  figure  i,  and  provides  one  telegraph  circuit  from  each 
metallic  circuit  telephone-line.  Broadly  speaking,  this  circuit  is 
not  dependent  upon  a  considerable  difference  in  the  frequencies  of 
the  telegraphic  and  speaking  currents,  but  only  upon  the  fact  that 
the  telegraphic  current  passes  over  both  sides  of  the  line  in  the 
same  direction  at  the  same  time,  while  the  speaking  currents  circu- 
late in  the  metallic  circuit  as  such.  Simultaneous  potentials  on  the 
two  sides  of  the  line  naturally  prevent  any  sounds  from  the  tele- 
graph appearing  in  the  telephone  circuit.  The  coils  a  and  h  are  in- 
ductive ones,  and  through  them  equal  currents  pass  to  the  two  tele- 
phone wires  in  parallel,  each  current  being  half  of  that  from  the 
battery  B  through  the  relay  c.  An  arrangement  quite  similar,  at 
the  distant  end  of  the  line,  receives  the  telegraphic  signals.  Varia- 
tions from  this  type  exist  in  the  use  of  repeating  coils  instead  of 
impedance  coils,  and  a  variety  of  arrangements  can  be  suggested  by 
any  one  familiar  with  both  the  telegraphic  and  telephonic  arts.  In 
any  such  arrangements  the  condensers  d  are  not  essential,  but  have 
certain  minor  values. 

The  contribution  of  \'an  Rysselberglie  has  led  to  the  possibility 
of  utilizing  a  metallic  circuit  not  only  for  telephony,  but  for  tzijo 
independent  telegraph  circuits  as  well.  Figure  2  illustrates  one  of 
the  forms  widely  used  for  such  purposes.  It  being  understood  that 
the  distant  stations  are  quite  duplicates  of  those  shown  in  figure  2, 
a  little  thought  will  make  plain  how  the  two  things  can  go  on  at 
the  same  time  without  interference.  This  will  be  easier  when  it  is 
remembered  that  the  condensers  shown  are  relatively  transparent 
to  alternating  currents  and  opaque  to  direct  currents.  Also  that 
the  choke  coils  a,  while  they  have  each  two  windings  upon  the  ring 
core,  have  those  windings  connected  in  the  familiar  differential  or 
reversed  relation  to  each  other.  So  far  therefore  as  direct  currents 
are  concerned,  the  magnetizing  effort  of  one  winding  of  each  such 
coil  a  neutralizes  that  of  the  other;  and  this  is  true  for  direct  cur- 
rents even  if  interrupted  at  the  highest  frequency  existing  in  tel- 
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cj^rapliy  \vhcn  dols  arc  l)ciiig-  sciil  in  rapitl  succession;  luit  for  such 
hie;h-frequency  currents  as  those  of  speech  and  of  such  small  vol- 
ume, the  windings  of  the  coils  are  j^ractically  two  independent  choke 
coils  in  series,  offering  a  maximum  inductive  harrier. 

rile  choke  coils  h  are  wound  with  their  windings  inductively  re- 
lated, and  provide  a  maximum  choking  effect.  The  telegraph  ap- 
paratus shown  is  of  the  usual  familiar  t\pe,  involving  a  key  to  be 
worked  by  hand,  a  relay  and  a  sounder.  Quite  the  usual  possibili- 
ties with  reference  to  the  formation  of  very  long  telegraph  circuits 
bv  the  use  of  repeaters  are  available  with  these  systems,  and  for 
the  reason  that  the  telephone  side  of  the  problem  requires  long  wires 
of  the  l)est  known  commercial  conductor,  copper,  the  telegraph  re- 
sults are  excellent. 

The  foregoing  are  problems  of  making  telegraphy  a  by-product 
of  telephon\-.  With  so  many  telegraph  wires  on  poles  over  the 
country,  it  has  seemed  a  pity  not  to  turn  the  thing  around  and 
provide  for  telephony  as  a  by-product  of  telegraphy.  This  has 
been  accomplished,  although  for  the  reason  that  the  telegraph  cir- 
cuits are  not  in  i)airs,  accurately  matched  one  wire  against  another, 
and  are  far  from  being  uniform  as  to  material,  it  has  not  been  pos- 
sible to  secure  as  good  telephone  circuits  from  the  telegraph  wires 
as  telegraph  circuits  from  the  telephone  wires. 

The  thing  which  has  enabled  practical  results  to  be  secured  is 
an  adaptation  of  the  original  principle  of  dift'erent  frequencies.  A 
little  further  study  of  figure  2  shows  that  over  such  a  composite 
circuit,  the  usual  method  of  ringing  from  station  to  station  over 
the  telephone  circuit  by  an  alternating  current  of  a  frequency  of 
about  sixteen  is  practically  impossible.  This  is  because  of  the  lieavy 
short-circuit  provided  by  the  two  choke  coils  h  at  each  of  the  sta- 
tions and  the  heivy  shunt  of  the  large  condensers.  If  high-fre- 
quency speech  currents  can  pass  over  these  circuits  with  a  very 
small  loss,  other  high-frequency  currents  should  find  a  good  path. 
There  are  many  easy  ways  of  making  such  currents,  but  formerly 
none  very  simple  for  receiving  them,  h^igure  3  shows  one  simple 
observer  of  such  high-frequency  currents.  It  is  merely  an  adapta- 
tion of  the  familiar  polarized  ringer  used  in  every  subscriber's 
telephone.  In  either  position  of  the  armature  it  makes  contact  with 
one  or  the  other  of  two  studs  connected  to  the  battery,  so  that  in 
all  times  of  rest  the  relay  a  is  energized.  \\'hen  a  high-frequency 
current  passes  through  this  polarized  relay,  however,  there  is 
enough  time  in  which  the  armature  is  out  of  contact  \\ith  either 
stud  to  reduce  the  total  energy  through  the  relay  (7  to  allow  its  arma- 
ture to  fall  away.  This  may  ring  a  vibrating  bell  or  give  any  other 
convenient   siijiial. 
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Figure  4  shows  a  form  of  apparatus  for  producing  the  high-fre- 
quency current  necessary  for  signaling.    It  is  evident  that  if  a  mag- 
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neto  generator  such  as  was  formerly  used  in  ordinary  telephones, 
could  he  made  to  drive  its  armature  fast  enough,  it  also  might  fur- 
nish   the    high-frcquencv    current   necessary    for    signaling   through 
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condensers,  and  past  heavy  impedances.  T\\c  arrangement  in  figure 
4  is  little  other  than  an  automobile  jiunp-spark  coil,  and  serves  its 
purpose  admirably. 

Applying"  these  principles  of  higb-freciuency  signals  sent  and 
received  to  a  single-wire  telegraph  circuit,  the  arrangement  shown 
in  figure  5  results.  The  principal  puints  of  interest  herein  are  the 
insertion  of  impedances  in  series  with  the  telegraph  lines,  the  shunt- 
ing of  the  telegraph  relays  by  small  condensers,  the  further  shunting 
by  the  whole  telegraph  mechanism  of  a  station  by  another  condenser. 
and  thus  keeping  out  of  the  line  circuit  changes  in  current  values 
which  would  be  heard  in  the  telephones  if  violent,  and  might  be 
inaudible  if  otherwise.  A  further  interesting  element  is  the  very 
heavy  shunting  of  the  telephone  receiver  by  means  of  an  inductive 
coii.  The  alternating  current  sending  and  receiving  devices  will 
be  recognized  in  this  figure  also. 

In  telegraphy  overland  lines,  that  is,  lines  across  country  or  in 
the  air,  the  two  things  which  particularly  limit  the  distance  over 
which  communication  is  possible  are  the  resistance  of  the  wire  and 
the  insulation  of  that  wire  from  others  and  the  earth.  In  quadru- 
plex  and  other  multiplex  systems  of  telegraphy  aiming  at  the  trans- 
mission of  more  than  one  telegraph  message  over  a  wire  at  the 
same  time  the  effects  of  the  electrostatic  capacity  of  the  wire  begin 
to  be  noticed.  These  capacity  eft'ects  are  most  noticeable  in  very 
high-speed  telegraphy,  but  not  so  greatly  in  the  simplest  forms 
of  sending  by  hand. 

In  telephony,  however,  the  eft'ect  of  the  capacity  between  the 
two  wires  of  a  circuit  becomes  marked  as  soon  as  the  line  attains 
a  length  of  a  few  hundred  miles.  In  telegraphy,  repeaters  can  be 
used  to  start  the  signals  on  a  new  circuit,  and  thus  link  by  link  a 
very  long  stretch  can  be  covered.  No  one  has  invented  a  prac- 
tical telephone  repeater,  so  that  whatever  is  possible  in  the  way  of 
applying  improvements  must  be  done  by  making  the  transmitters 
more  powerful,  the  receivers  more  sensitive,  or  the  line  better  able 
to  carry  the  current  without  loss. 

IMPROVEMENTS   IN   LONG  TELEPHONE  LINES. 

In  the  laboratory  one  may  build  a  line  having  a  verv  consid- 
erable resistance  indeed,  and  talk  over  it  successfully.  In  actual 
practice  one  may  build  a  line  and  insulate  it  very  thoroughly,  but 
there  is  no  way  of  building  a  line  in  the  air,  in  the  earth,  or  under 
the  sea  in  which  the  dimensions  and  spacing  of  the  parts  of  the  cir- 
cuit will  be  at  all  reasduable  without  the  restdting  capacity  between 
the  two  wires  lieing  large  enough  to  absorb  a  verv  considerable 
part  of  the  transmitted  current. 
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Figure  6  illustrates  something  of  the  condition  which  every  tele- 
phone circuit  fulfills,  the  condensers  shown  in  the  figure  being  a 
mere  reminder  of  the  capacity  which  exists  across  the  pair.  A  line 
one  thousand  miles  long  may  have  a  capacity  of  seven  microfarads, 
even  if  the  two  conductors  are  a  foot  apart.  Any  decrease  of  this 
distance  of  separation  or  any  increase  in  the  size  of  the  wires  in- 
creases the  capacity;  the  shorter  the  poles  the  greater  the  capacity, 
and  in  underground  or  submarine  cables,  where  the  wires  are  very 
close  together  and  are  insulated  with  gutta-percha  or  rubber,  the 
capacity  runs  up  enormously. 

The  most  notable  efifort  in  the  direction  of  improving  long  tele- 
phone lines  as  transmission  circuits,  is  found  in  the  work  of  Dr. 
Pupin.  His  remedy  is  simply  that  of  inserting  inductances  at  reg- 
ular intervals  in  series  with  the  two  wires  of  the  line,  the  effect  of 
these  insertions  being  to  neutralize  the  capacity  between  wire  and 
wire.  As  the  capacity  is  distributed  uniformly  throughout  a  line 
of  uniform  construction,  the  ideal  method  of  cure  would  seem  to 
be  the  insertion  of  just  the  right  amount  of  counteracting  induc- 
tance, also  distributed  throughout  the  wire.  No  one  has  shown 
just  how  inductance  may  be  inserted  in  this  distributed  fashion, 
so  that  the  close  approach  to  the  same  result,  accomplished  by  in- 
serting inductances  in  lumps,  is  a  very  happy  solution  of  the  problem. 
The  practical  results  of  Dr.  Pupin's  method  are  a  very  striking 
improvement  in  the  volume  and  quality  of  received  speech.  Be- 
cause of  a  simple  mechanical  analogy,  circuits  so  equipped  with 
inductance  coils  are  called  "loaded"  circuits.  Loaded  circuits  in 
underground  cables  are  a  distinct  success,  and  that  method  is  the 
best  known  one  for  improving  long  underground  circuits,  prin- 
cipally useful  in  trunk  lines  between  the  offices  of  a  large  city 
system.  The  improvement  possible  by  inserting  loading  coils  in 
long  lines  on  poles  is  not  so  great  as  in  the  case  of  underground 
circuits.  This  difference  in  the  respective  improvements  is  due  to 
the  lower  capacity  and  larger  self-induction  of  the  open-wire  cir- 
cuits. Under  the  best  conditions,  transmission  over  the  latter  is 
distinctly  improved,  but  in  seasons  of  wet  or  foggy  weather  cov- 
ering most  of  the  territory  traversed  by  the  line,  a  very  large  part, 
if  not  all,  of  the  advantages  of  loading  are  offset.  When  a  means 
has  been  found  of  distributing  the  inductance  throughout  an  in- 
sulated conductor  and  of  placing  such  a  pair  of  telephone  wires 
cheaply  and  easily  in  the  earth,  where  insulation  will  remain  con- 
stant, it  is  conceivable  that  much  greater  distances  may  be  covered 
than  are  at  present  available. 

Certain  submarine  telephone  cables  extending  between  'Denmark 
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and  Sweden  are  provided  with  pairs  in  which  each  conductor  is 
covered  with  a  spiral  wrapping  of  soft  iron  wire,  the  object  being  a 
similar  neutralization  of  the  mutual  'capacity.  It  is  reported  of 
these  cables  that  their  success  is  marked,  and  that  the  manufactur- 
ers accepted  specifications  which  called  for  (|uite  a  definite  per- 
formance, the  results  bearing  out  the  ex])ectation  in  a  large  degree. 
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Figure  7  illustrates  the  Pupin  method  of  inserting  inductances, 
the  condensers  in  this  figure,  as  in  figure  6,  serving  as  a  mere  re- 
minder of  the  distributed  capacity  which  it  is  the  function  of  the 
coils  to  overcome.  In  actual  practice,  the  loading  coils  are  of 
the  form  hinted  at  in  figure  8,  each  coil  having  two  windings,  one 
for  each  line  wire,  these  two  encircling  the  same  iron  core.  The 
wires  of  the  core  are  very  small,  very  soft,  are  insulated  with  a 
verv  thin  compound,  and  the  cores  are  ring  shaped  or  toroidal. 
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LONG  DISTANCE  TRUNKS. 


In  all  but  the  smallest  communities  there  are  enough  lines  of 
local  subscribers  to  be  switched  together  to  require  the  service  of 
more  than  one  operator,  and  in  such  ofifices,  unless  they  are  verv 
small,  it  is  expedient  to  provide  separate  operators  for  the  long- 
distance lines.  In  the  largest  communities,  the  lines  of  local  sub- 
scribers are  grouped  in  several  offices,  each  serving  its  own  dis- 
trict. Trunk  lines  connect  these  several  offices  for  enabling  anv 
subscriber  to  talk  to  any  other  in  the  same  city.  One  office  suf- 
fices for  all  the  long-distance  lines  entering  such  a  city,  and  from 
that  office  trunk  lines  extend  to  the  various  subscribers  of  the  local 
exchange  proper. 

These  things  being  so.  it  is  necessary  that  the  subscribers  have 
facilities  for  making  their  wants  known  to  the  long-distance  office, 
and  that  the  latter  have  facilities  for  calling  up  any  subscriber 
wanted  by  a  distant  point.  The  former  is  accomplished  by  trunks 
leading  direct  from  the  local  branch  offices  to  special  operators 
w^hose  duty  it  is  to  write  tickets  for  these  calls.  The  latter  is  ac- 
complished by  means  of  trunks  leading  from  the  operators  serving 
the  long-distance  lines  to  special  operators  in  the  branch  offices, 
these  having  the  duty  of  connecting  those  trunks  with  desired  lines 
in  the  switchboard.  It  is  the  latter  which  are  used  for  all  actual  con- 
versations between  long-distance  lines   and  subscribers. 

A  comparison  between  figure  9  and  figure  10.  will  bring  out 
the  simple  but  important  feature  that  whereas  in  figure  9  is  illus- 
trated a  typical  connection  between  two  subscribers  having  lines  in 
the  same  local  branch  office,  figure  10  illustrates  a  connection  from 
a  subscriber  in  one  office  through  his  own  and  a  distant  office  by 
means  of  a  trunk  line.  The  feature  of  importance  in  figure  10  is 
that  the  current  to  energize  the  subscriber's  transmitter  is  furnished 
to  him  over  his  own  line  from  his  own  office. 

Carrying  this  last  and  important  point  further,  it  is  instructive 
to  note  that  the  same  feature  is  utilized  in  trunks  from  a  long-dis- 
tance office  to  a  branch  office.  The  called  subscriber  must  receive 
current  for  his  transmitter  from  the  nearest  possible  central  of- 
fice, and  naturally  that  is  the  office  of  his  own  district.  It  is  further 
of  advantage  that,  when  he  is  called  up  over  a  special  trunk  line 
from  the  long-distance  office,  the  operator  who  called  him  be  able 
to  ring  his  bell  when  she  may  choose  to  do  so.  She  may  need  to 
repeat  a  call  or  may  need  to  delay  one  until  the  distant  subscriber 
is  at  his  telephone.  The  mechanism  which  accomplishes  the  happy 
result  of  supplying  transmitter  current  from  the  nearest  office 
stands  in   the  way  of  successful   ringing  over  the  line  in  the  ordi- 
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nar\  manner.  Figure  ii  illustrates  as  simply  as  possible  the  "ring- 
through"  feature.  Ringing  current  applied  to  the  trunk  wires 
a  and  b  energizes  the  relay  c;  the  armature  of  this  relay  in  turn 
causes  current  from  the  battery  B  to  energize  the  relay  d.  This 
relay  is  merely  an  electrical  ringing  key,  and  does  the  same  thing 
as  would  a  manual  ringing  key,  in  that  sixtecn-cycle  current  is  sent 
to  the  local  line  from  the  generator  c. 

It  will  be  seen  that  the  cycle  of  events  is  the  application  of  low- 
frequcncN-  ringing  current,  which  controls  the  sending  of  direct  cur- 


rent  a  short  way,  which  controls  the  sending  of  low-frequency 
ringing  current  on  to  the  called  station. 

In  actual  practice  the  circuit  shown  in  figure  ii  is  accompanied 
by  many  other  elements  having  to  do  with  local  signals,  busy  test, 
etc.,  but  like  many  other  circuits,  the  apparent  complication  is  ac- 
companied by  a  surprisingly  simple  and  accurate  operation. 

Even  from  figure  12  many  further  elements  have  been  omitted, 
but  enough  remain  to  illustrate  the  conditions  of  connecting,  con- 
versation, supervision  and  disconnection  in  a  circuit  from  a  long- 
distance line  to  the  switchboard  containing  the  called  subscriber. 
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"booster"'  batteries. 

When  the  principle  of  supplying  current  for  transmitter  pur- 
poses from  the  nearest  office  has  been  fulfilled,  a  highly  satisfactory 
local  transmission  is  secured,  even  over  lines  of  several  miles  length 
and  several  hundred  ohms  resistance.  To  enable  the  fullest  ad- 
vantage to  be  taken  of  transmission  from  these  lines  over  the  long- 
est country  circuits  every  minor  assistance  must  be  captured.  With 
a  given  construction  of  transmitters  there  is  a  critical  maximum 
current  which  can  be  carried  by  the  granular  carbon  of  the  instru- 
ment without  excessive  heating  and  consequent  noises  and  perma- 
nent damage.  The  shortest  lines  and  the  longest  lines  being  served 
by  one  source  of  current  common  to  all,  the  potential  of  this  source 
must  be  such  as  to  give  the  longest  lines  current  enough  without 
giving  the  shortest  lines  too  much.  The  very  longest  local  lines, 
however,  are  in  those  systems  prevented  from  getting  enough  cui- 
rent  for  the  maximum  efficiency  when  talking  over  long-distance 
lines,  although  they  are  getting  enough  for  local  conversations. 

The  circuit  shown  in  figure  13  offers  a  happy  solution  of  this 
difficulty.  When  it  is  understood  that  the-  circuit  is  intended  to  be 
used  for  current  supply  in  a  trunk  between  long-distance  and  local 
lines  and  that  the  battery  B  has  a  voltage  of  say  fifty  volts,  or 
about  twice  that  used  for  local  conversations,  and  that  the  elements 
r  are  resistances,  it  will  be  seen  that  by  a  proper  proportion  of  these 
resistances  to  the  other  things  previously  mentioned,  just  enough 
current  may  be  given  to  the  shortest  lines,  and  quite  a  little  more 
than  under  standard  conditions  to  the  longest  lines. 

""ticket-tube"  system. 
When  only  one  operator  is  necessary  in  a  town,  all  lines,  both 
long-distance  and  local  being  switched  by  her,  she  may  write  her 
own  tickets  and  execute  them  for  all  communication  between  long- 
distance and  local  circuits.  As  the  community  and  its  business 
grow,  a  condition  is  reached  in  which  there  may  be  many  long- 
distance operators  and  many  more  local  operators,  and  the  former 
will  need  to  be  specialized  as  to  their  particular  duties.  In  the 
largest  offices,  as  I  have  indicated,  the  wants  of  the  subscribers  as 
to  long-distance  connections  are  sent  in  by  telephone,  written  out 
on  tickets,  and  these  passed  to  operators  who  get  the  parties  to- 
gether. The  problem  of  ticket  passing  so  becomes  important,  and 
many  ways  have  been  practiced,  culminating  in  the  system  which 
utilizes  vacuum  tul;es  carrying  the  ticket  directly  without  any  en- 
closing case.  Figure  14  indicates  the  elements  of  such  a  system, 
the  distributing  table  being  one  at  or  near  which  the  tickets  are 
written,  anrl  from  which  tubes  lead  to  all  of  the  regular  connecting 
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longf-distance  operators.  Suitabk'  means  maintain  a  vacnum  in  a 
large  common  tulie.  havinjj^  a  tap  to  a  box-like  valve  at  each  such  op- 
erator's position.  The  ticket?  are  of  uniform  size,  and  arc  so  scored 
in  making-  as  to  enable  a  flap  to  be  bent  up  easily  along  the  edge. 
The  distributing  operator  has  merely  to  insert  the  ticket,  flap  fore- 
most, in  the  open  end  of  the  tube,  whereupon  the  air  pressure  be- 
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hind  it  will  drive  it  through  to  its  destination,  which  may  be  near 
by  or  far  away,  on  the  same  or  another  floor  of  the  same  building 
or  another.  The  speed  maintained  by  the  tickets  in  practice  is  thirty 
feet  a  second.  The  tubing  is  rectangular  in  section,  as  shown,  and 
by  the  exercise  of  much  invention,  it  is  possible  to  form  the  tubing 
as  may  lie  desired,  the  flat  and  edgewise  bends  shown  in  figure  14 
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being  not  long  ago  quite  impossible  to  make  from  the  straight  stock. 

Two  springs  in  the  receiving  valve  are  normally  in  contact.  The 
arrival  of  a  ticket  between  them  breaks  a  circuit,  which  removes  a 
shunt  from  a  relay.  This  relay  in  closing  lights  a  lamp,  which  calls 
the   operator's   attention  to  the  ticket's   arrival. 

Some  one  has  said  there  are  only  two  things  about  a  man  which 
matter  verv  much:  "\\'ho  are  you?"  and  "What  do  you  do?" 
Getting  results  if  what  counts.  The  results  I  have  tried  to  describe 
in  the  foregoing,  simple  as  they  are  in  method,  show  good  value 
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when  measured  up  against  the  commercial  effects  they  have  pro- 
duced. But  if  all  the  people  are  to  have  the  benefits  now  available 
for  the  few,  several  things  must  be  provided  and  these  are  some  of 

them : 

Cheaper  line  circuits. 

A   successful   telephone    repeater. 

More  powerful  transmitters. 

Multiplex  telephony. 

\ny  one  of  these  improvements  will  advance  the  art.  A  mul- 
tiplex svstem  will  provide  a  cheapening  of  the  line  circuits.  A  re- 
peater -or  a  more  powerful  transmitter  will  increase  the  possible 
radius.     There   are   still    acres  of  diimonds   undiscovered. 
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DISCUSSION. 

Mr.  Thomas  D.  Lockn'ood — ;I  suppose  that  it  is  the  proper  thing 
always  to  begin  a  discussinn  liy  saying  that  the  speaker  has  so  well 
covered  his  subject  that  he  lias  left  nothii:g  for  any  one  else  to  talk 
about.  I  will  leave  it  to  you,  however,  whether  he  has  not  said  what 
he  had  to  say.  well,  barring  perhaps,  his  reiterated  statement  occur- 
ring at  intervals  of  alxiut  io|  minutes  that  "this  is  true."  I  think 
he  might  have  let  rs  take  that  for  granted,  because  by  empliasizing 
the  fict  th?t  cct'in  portions  of  an  address  are  true,  we  are  irre- 
sistibly ccMidrcted  to  the  concluncn  thrt  the  rest  of  it  n-ay  not  be 
true.  I  do  not  like  to  leave  my  friends  in  doubt,  and  will  say  that 
most  of  what  the  speaker  has  said  is  true. 

It  is  ditficult  to  discuss  a  paper  like  the  one  presented  to-night : 
first,  because  we  have  not  the  paper  printed  before  us ;  partly  be- 
cause very  few  are  in  position  to  seriously  dissent  from  anything 
that  was  said ;  and  partly  because  the  subject,  to  a  greater  or  less 
extent,  is  trite. 

The  Chairman's  introduction  of  my  lunnble  self  reminded  me  of 
a  little  story — an  early  experience  of  my  own  at  a  prayer-meeting. 
The  minister  was  not  there  and  a  deacon  was  invited  to  preside. 
This  deacon  was  in  the  habit  of  referring  to  his  own  efforts  as  "fee- 
ble remarks.''  It  is  barely  possible  that  son:e  of  the  gentlemen  here 
have  been  to  prayer-meetings,  and,  if  so,  the  expression  "feeble 
remarks"  will  not  be  altogether  unfamiliar.  But  this  gentleman 
was  so  accustomed  to  referring  to  his  own  efforts  as  "feeble  re- 
marks" that  in  his  capacity  as  leader  he  asked  Brother  Smith  to 
make  a  few  "feeble  remarks." 

Now,  any  remarks  I  may  have  to  offer  on  the  subject  of  tele- 
phony must  necessarily  be  feeble,  because  I  cannot  remember  much 
about  it.  I  suppose  I  am  one  of  the  oldest  telephone  men  in  the 
world  in  experience,  and  I  certainly  was  much  interested  in  hearing" 
this  account  we  have  heard  to-night  of  the  progress  of  the  art. 
wdiich  I,  myself,  remember  in  its  beginning.  A  great  patent  law- 
yer once  said :  "I  approach  a  dynamo  with  a  certain  amount  of 
reverence  and  a  great  amount  of  fear,  realizing  that  if  I  touch  it 
perhaps  it  may  touch  me.  I  know  something  about  the  electric 
telegraph,  but  with  the  telephone  in  my  house  I  can  call  up  and 
talk  with  my  friends  seemingly  face  to  face ;  I  can  listen  to  what 
they  say  to  me,  and  feel  that  the  very  slight  vibrations  of  my  voice 
are  making  vibrations  throughout  a  great  length  of  wire.  In  such 
circumstances  I  realize  that  though  one  may  not  'by  taking  thought 
add  one  cubit  to  his  stature.'  Professor  Bell,  by  "taking  thought.* 
has  added  not  one  cubit,  but  manv  hundred  miles  to  the  lengths  of 
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our  tongues  and  ears."  Professor  Bell  was  perhaps  the  man  best 
fitted  of  all  to  take  up  this  work,  and  he  was  taught  by  his  father 
from  a  very  early  age — when  he  was  scarcely  13  years  old — that 
idea  of  making  dumb  people  and  things  talk.  He,  therefore,  was 
the  very  man  to  apply  that  method  in  makuig  plates  of  iron  talk, 
and  I  think  that  is  one  of  the  greatest  w^onders  in  all  the  world.  It 
takes  the  combined  effect  of  our  lips,  tongue,  larynx  and  lungs  to 
produce  articulate  speech,  yet  the  little  iron  plate  in  its  vibrations 
can  do  the  same  thing.  That  which  we  hear  in  the  receiving  tele- 
phone is  not,  after  all,  much  like  perfectly  articulated  speech.  I 
grieve  to  say  that  neither  are  the  articulated  utterances  of  many 
of  us.  How  often  is  it,  listen  as  we  can,  that  we  have  to  beg  a  man's 
pardon  for  failing  to  understand  what  he  says  to  us,  when  he  really 
ought  to  beg  ours  for  his  poor  enunciation ;  and  so  I  think  that  the 
best  reproduction  of  speech  in  the  very  best  telephone  is  after  all 
rather  an  imperfect  copy  of  the  speech  which  was  offered  previously ; 
but  w'e  know  Avhat  is  to  be  expected,  and  so,  just  as  we  read  the  un- 
commonl}-  bad  Avriting  of  the  average  bank  cashier  .and  know  what 
he  has  written,  just  so  we  read  with  the  ears  of  our  mind  what  is 
coming,  and  understand  what  is  said  when  the  speaker  does  not  in 
fact  say  anything  very  much  like  it. 

I  was  glad  to  see  in  many  of  the  pictures  the  product  of  my 
own  mill.  I  take  that  as  a  most  sincere  compliment,  for  when  a 
man  like  Mr.  McMeen,  wanting  to  illustrate  his  paper,  takes  many 
of  the  drawings  which  are  in  patents  which  I  have  written,  I  ad- 
mire his  taste.  I  was  pleased  to  also  recognize  certain  w^ords  which 
I  had  coined.  I  believe  I  was  the  first  person  to  ever  speak  of  a 
"composite  circuit.''  It  is  not  a  good  name,  but  it  has  come  to 
stay ;  and  it  after  all  is  better  than  some  modern  terms,  the  word 
"booster,"  for  instance.  Then  there  is  the  term  "repeating  coil." 
I  noticed  that  Mr.  McMeen  does  not  quite  like  that  phrase,  as  he 
sometimes  calls  it  "repeating  coil,"  sometimes  "induction  coil,"  etc. 
But  I  suppose,  after  all,  it  is  nothing  more  nor  less  than  an  induction 
coil,  and  that  term  is  not  at  all  inappropriate.  I  particularly  indorse 
Mr.  McMeen's  remarks  on  repeaters. 

Long  distance  telephony  is  not  a  modern  thing.  In  October, 
1877,  the  first  long  distance  circuit  was  erected,  and  the  next  week 
there  was  a  talk  between  Boston  and  New  York  (there  were  no 
copper  wires)  ;  no  one  knew  then  exactly  what  to  expect  from  the 
telephone,  though  that  telephone,  which  had  a  magneto  transmitter 
as  well  as  a  magneto  receiver,  worked  quite  well. 

Referring  briefly  to  inductive  disturbance,  I  recollect  that  in 
September,   1879,  there  was  an  agent  of  the  telephone  company  at 
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a  place  called  Ih-atltord,  I'a.  lie  hatl  a  line  about  30  miles  long 
between  iSradford  antl  Kieblnirg,  and  he  wrote  to  headquarters  in 
Boston  inquiring"  what  he  should  do,  because  that  line  was  such  a 
noisy  one,  and  I,  being  the  working  side  of  the  department,  wrote 
him  a  letter  in  reply  to  the  effect  that  if  he  wt)ul(l  put  up  a  metallic 
circuit  much  of  the  disturbance  would  disappear.  'Phis  gentleman, 
being  of  an  economical  turn  of  mind,  thought,  in  doing  this  work, 
he  could  get  more  for  his  money  by  including  a  larger  area  of  ter- 
ritory ;  this  he  did  at  great  expense,  and  then  wrote  back  that  the 
noise  w^as  worse  than  before.  What  he  had  done  was  to  provide 
another  wire,  but  carrying  it  over  another  route  to  include  other 
towns  he  so  exposed  both  limbs  of  the  line  to  different  sets  of  dis- 
turbing causes  that  the  intended  remedy  merely  intensified  the 
trouble. 

I  think  we  may  acknowledge  that  there  are  several  reasons  wdiy 
a  metallic  circuit  is  good.  When  inductively  neutral  metallic  cir- 
cuits w-ere  first  put  up  in  great  quantities,  a  great  many  of  even 
experienced  telephone  men  thought  that  w^as  going  to  eliminate  all 
kinds  of  telephofie  disturbances.  They  quite  forgot  that  every  tele- 
phone line  had  two  sides,  and  that  side  Xo.  i  of  circuit  No.  i  will  act 
upon  side  No.  i  of  circuit  No.  2,  and  side  No.  2  of  circuit  No.  i 
will  act  upon  side  No.  2  of  circuit  No.  2  :  and  so,  while  the  metallic 
circuit  did  take  out  much  of  the  noise,  it  did  not  take  out  wdiat  is 
called  "cross-talk"  ;  that  is  why  transpositions  had  to  be  introduced, 
and  those  transpositions  are  another  remarkal^le  invention.  They 
were  not  first  invented  on  this  side  of  the  ocean,  although  I  believe 
that  it  w^as  here  that  they  were  first  made  practically  available. 

Mr.  F.  R.  McBerty — I  wish  to  touch  upon  a  point  on  which  Mr. 
McMeen  did  not  assure  us  he  was  telling  the  truth ;  that  is,  the 
nature  of  the  cores  of  the  loading  coils.  The  statement  was  made 
that  the  wires  of  the  core  are  very  small  and  very  soft.  The  wires 
are  very  fine  and  are  insulated,  but  are  not  soft ;  the  wire  is  steel 
and  quite  hard,  the  reason  being  that  hysteresis  losses  in  wire  of 
high  permeability  are  large. 

Another  point  in  comiection  with  loading  coils  I  will  mention 
because  it  will  ho  of  interest  to  some  of  our  light  and  powder 
friends,  as  perhaps  presenting  a  somewhat  novel  though  not  entirely 
new  phase  of  alternating  current  power  transmission ;  that  is,  the 
reflection  at  points  where  the  inductance  of  the  line  changes  in 
amount.  The  speaker  referred  to  the  losses  from  change  in  the  in- 
sulation of  the  line.  A  much  more  serious  source  of  loss  in  some 
lines  is  this :  Wherever  the  inductance  loading  of  the  line  changes 
abruptly,  as   it  does  in  repeating  coils,   terminal   apparatus,   cables, 
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etc.,  a  reflection  of  the  electric  wave  takes  place.  Where  long  dis- 
tance lines  have  to  be  connected  to  subscribers'  stations,  reflection 
may  occur  at  difl:"erent  points  along  the  line,  and  may  vary  as  the 
trunk  line  becomes  connected  to  different  subscribers'  lines.  There 
is  no  way  of  calculating  all  possible  conditions  to  permit  adapting 
the  circuits  to  the  sub-station  apparatus.  One  of  the  patented  ar- 
rangements for  taking  care  of  this  is  what  is  known  as  the  terminal 
taper,  in  which  the  inductance  of  the  loading  coils  across  the  line  is 
reduced  gradually  from  the  inductance  corresponding  to  sections  of 
the  loading  line  to  a  low  amount,  so  that  as  there  is  no  abrupt 
change  the  reflection  does  not  occur.  You  are  familiar  with  the 
acoustic  analogy  that  a  sound  wave  beating  against  a  solid  wall  is 
reflected :  but  a  sound  wave  beating  against  a  wall  of  felt,  which 
is  soft  and  permits  of  some  vibration,  is  not  reflected  to  an  equal  ex- 
tent, and  the  wave  does  not  suffer  in  the  same  way.  The  condition 
is  somewhat  analogous. 

Another  point  the  speaker  mentioned  was  the  value  of  an  in- 
crease in  the  efficiency  of  transmission  or  of  a  repeating  relay.  I 
should  emphasize  the  value  of  such  an  improvement  even  more  than 
he  did.  There  is  a  zone  within  which  long  distance  transmission  is 
known  to  be  possible,  and  within  that  area  transmission  is  practica- 
ble and  reliable ;  people  are  disposed  to  use  the  line  as  they  need  it, 
and  they  always  pay  for  it.  Then  there  is  the  zone  with  the  prob- 
lematical conditions,  depending  on  the  weather,  etc. ;  within  that 
zone  transmission  may  be  good  one  day  and  bad  on  another,  the 
service  being  sometimes  first  class  and  sometimes  otherwise.  Expe- 
rienced users  are  unlikely  to  attempt  transmission  within  this  zone 
excepting  in  urgent  cases,  and  when  they  do  attempt  it  are  likelv  to 
get  such  poor  service  that  they  will  refuse  to  pay  for  the  connec- 
tions. Beyond  that  zone,  beginning  at  an  indefinite  point,  lies  the 
area  within  which  transmission  is  supposed  to  be  impossible.  Con- 
nections extending  into  this  outer  zone  are  more  likely  than  not  to 
be  unsatisfactory.  In  the  two  last  mentioned  cases,  however,  a 
considerable  percentage  of  the  connections  represents  a  loss  to  the 
telephone  company.  The  customers  are  dissatisfied  with  the  re- 
sult; their  experience  deters  them  from  making  more  calls  within 
the  same  zone  and  also  may  make  them  hesitate  to  use  the  telephone 
for  even  shorter  distances.  Unsatisfactory  conversations  are  likelv 
to  be  of  greater  duration  than  satisfactory  ones,  while  at  the  same 
time  the  maximum  value  of  plant  is  being  occupied ;  and,  finally, 
the  customer  is  likely  to  refuse  to  pay  the  charge,  or  to  consent  to 
pay  only  a  part  of  it.  If  the  telephone  companies  knew  definitelv 
where  the  limits  of  these  zones  were,  thev  might  limit  the  connec- 
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tions  SO  as  to  get  tlie  niaxinuini  revenue  of  every  plant,  but  they  do 
not.  The  area  which  can  be  covered  by  the  transmission  you  will 
see  increases  as  the  square  of  the  radius,  so  that  on  one  day  it  may 
be  possible  to  reach  a  vastly  greater  number  of  telephones  than  on 
another. 

Any  changes  in  telephone  apparatus  at  the  sub-station  or  in  the 
central  ot^ce  which  will  define  the  limits,  as  well  as  any  which  will 
extend  them,  will  be  of  substantial  value. 

Mr.  Kempster  B.  Miller,  M.  W.  S.  E. — There  is  a  point  that 
suggests  itself  to  my  mind  as  being  a  factor  that  will  tend  to  de- 
crease very  materially  the  value  of  telephone  facilities  between 
points  widely  separated  by  longitude ;  that  is,  between  points  a  great 
distance  apart  with  respect  to  east  and  west.  Where  there  is  a  dif- 
ference of  several  hours  in  time  between  the  two  ends  of  the  line, 
as  would  be  the  case  in  a  long  line  running  east  and  west,  it  is  ob- 
vious that  the  people  at  one  end  may  be  in  bed  while  the  people  at 
the  other  end  are  indulging  in  their  greatest  business  activity. 
This  would,  of  course,  tend  greatly  to  decrease  the  traffic  over  such 
lines ;  much  more  so  in  the  case  of  the  telephone  than  in  the  tele- 
graph, because  the  telephone  is  a  means  for  communication  between 
principals,  whereas  the  work  of  communicating  over  telegraph  lines 
is  almost  entirely  performed  by  employees.  Employees  may  be 
paid  to  stay  up  at  all  times  of  night,  while  those  who  employ,  and 
who  would  therefore  use  the  telphone,  will  not.  So  the  long  dis- 
tance- telephone  transmission  will  lose  in  effectiveness  by  differences 
in  point  of  time  between  its  ends  than  will  the  telegraph.  Trans- 
oceanic telephony,  if  ever  that  is  achieved,  would  undoubtedly  suf- 
fer much,  due  to  this  cause. 

About  repeaters,  I  remember  reading,  a  few  years  ago,  a  paper 
by  Mr.  Lockwood,  in  which  he  said  it  was  perfectly  possible  to 
make  a  repeater  that  would  talk  between  distant  points ;  and  Mr. 
Lockwood  went  on  to  say  that  these  repeaters  would  transmit 
speech  almost  as  well  as  if  no  repeater  had  been  used  and  the 
transmission  had  been  direct.  All  of  us  who  have  dabbled  in  tele- 
phone repeaters,  and  I  think  there  are  few  telephone  men  who  have 
not,  have  probably  achieved  a  degree  of  success  quite  as  satisfactory 
as  that  mentioned  by  Air.  Lockwood.  It  occurs  to  me  that  the  di- 
rection in  which  we  must  look  for  a  successful  repeater  is  in  .the 
line  of  the  reduction  of  the  mass  and  of  the  inertia  of  the  moving 
parts.  In  this  connection  the  work  of  Cooper-Hewitt  seems  promis- 
ing, and  at  any  rate  is  very  interesting.  He  finds  that,  by  subject- 
ing a  tube  containing  his  mercury  vapor  to  varying  magnetic  influ- 
ences, the  resistance  of  the  path  through  the  vapor  is  altered,  the 


Discussion — -Loiig-Distance  Telepliony.  C27 

alterations  in  resistance  being  in  accordance  with  the  changes  in  the 
magnetic  field  in  which  the  tube  lies.  Here  he  has  the  fundamental 
elements  of  a  telephone  repeater,  and,  and  working  as  he  does  with 
a  gas — and  a  highly  rarefied  gas  at  that — it  seems  that  this  scheme, 
or  one  like  it,  might  be  productive  of  good  results.  A  very  diflferent 
form  of  repeater  was  proposed  by  Erdmann  several  years  ago,  when 
he  used  an  electrically  operated  valve,  which  served  to  vary  the 
pressure  of  a  rapidly  moving  current  of  air.  The  valve  responded 
in  its  movements  to  the  variations  in  voice  currents,  and  therefore 
altered  the  pressure  of  the  air,  which,  acting  on  a  diaphragm,  pro- 
duced movements  of  the  variable  resistance  transmitter  parts  to 
bring  about  current  variations  in  the  second  part  of  the  line.  I  un- 
derstand that  this  has  not  been  productive  of  good  results. 

Mr.  C.  S.  Winston — I  am  very  much  interested  in  long  distance 
transmission,  but  particularly  in  regard  to  what  the  speaker  said 
about  composite  work,  as  during  the  last  few  months  I  have  been 
more  or  less  associated  with  some  experiments  along  that  line.  We 
have  been  trying  to  get  up  an  arrangement  similar  to  the  one  he 
spoke  of,  using  a  polarized  relay  so  that  while  a  line  is  being  used 
for  telegraphing,  a  signal  could  be  given  whenever  it  is  desired 
to  use  the  line  for  telephoning,  without  interfering  with  the  tele- 
graph apparatus. 

For  the  purpose  of  experiment  we  constructed  a  polarized  relay 
similar  to  the  one  described  by  Mr.  JMcMeen,  but  much  smaller  than 
any  that  has  ever  been  used  for  work  of  this  sort,  as  far  as  my 
knowledge  goes.  It  was  our  desire  to  use  apparatus  which  could 
be  put  into  a  magneto  telephone.  The  cores  of  this  relay  were  lit- 
tle, if  any,  more  than  three-fourths  of  an  inch  in  length,  and  the 
results  which  we  obtained  were  too  good ;  that  is,  we  found  that, 
while  the  signal  was  given  perfectly,  yet  the  voice  currents  were 
strong  enough  to  operate  and  thus  give  the  signal  when  it  was  not 
wanted.  This,  of  course,  would  cause  a  great  deal  of  trouble  in  case 
more  than  two  stations  are  placed  on  one  line.  We  found  out  in- 
cidentally during  the  course  of  our  experiments  that  if  this  relay, 
which  was  bridged  between  condensers  across  the  line,  was  opened 
at  one  terminal  and  so  connected  to  one  side  of  the  line  only,  it 
would  still  operate  during  conversation. 

I  think  that  in  the  future  there  is  going  to  be  a  great  many  of 
these  composite  circuits  put  into  use,  in  country  districts  especially. 
This  class  of  service  will  need  only  the  simplest  form  of  composite 
circuits,  those  used  in  repeating  coils  or  condensers,  and  it  is  prob- 
ably a  good  thing,  as  the  men  who  have  charge  of  country  tele- 
phone lines  and  country  exchanges  have  not  sufficient  knowledge  of 
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the  business  to  take  care  of  the  comparatively  compHcated  composite 
lines.  Mv  reason  for  forming-  this  opinion  can  be  best  illustrated 
by  an  instance  that  came  to  my  attention  two  or  three  years  ago. 
The  manager  of  a  telephone  exchange  in  a  western  town  changed 
his  local  battery  system  to  a  common  battery  system,  and  for  a 
while  after  the  men  who  installed  the  switch])oard  left  things  went 
smoothly,  but  only  for  a  while.  Then  troubles  began  to  appear, 
and  he*  began  to  call  on  the  manufacturers  for  help.  One  day  a  let- 
ter came  from  him.  in  which  he  stated  that  he  was  having  some 
trouble  with  certain  lines  which  he  was  unable  to  solve ;  that  the 
subscribers  could  signal  the  Ijoard,  talk  to  the  operator,  and  after 
the  connection  was  established  begin  a  conversation  with  the  person 
desired,  but  very  often  their  conversation  would  be  interrupted,  a 
disconnect  signal  would  be  given  at  the  board,  and  they  would  be 
entirelv  cut  ofif  from  it.  A  letter  of  considerable  length  was  written 
to  him  (I  am  glad  to  say  I  did  not  write  it)  in  which  several 
very  learned  possibilities  were  given.  A  day  or  two  afterwards  he 
wrote  another  letter  in  which  he  stated  that  he  had  found  out  the 
cause  of  the  trouble  in  a  peculiar  way.  To  use  his  own  words,  "The 
trouble  happened  on  a  line  about  lOO  yards  from  the  exchange.     I 

skinned  right  over  and  found  the  fool  with  his  elbow  on  the 

telephone  hook  trying  to  talk.  After  this  all  that  will  be  necessary 
for  me  to  do  will  be  to  tell  them  to  'keep  ofif  the  grass'  and  every- 
thing will  be  all  right." 

.l/r.  Hale,  M.  JV.  S.  E.—ln  view  of  the  fact  that  Mr.  Hibbard  and 
Air.  W'rav.  of  the  Chicago  Telephone  Company,  are  not  with  us 
this  evening.  I  think  I  may  venture  to  tell  a  little  story  : 

Some  time  ago.  upon  being  shown  a  curve  illustrating  the  vari- 
ations in  volume  of  telephone  service  throughout  the  day  in  this 
citv.  I  observed  that  the  curve  displayed  the  usual  fluctuations,  with 
a  morning  maximum  at  about  ii  o'clock,  and  an  afternoon  maxi- 
mum between  2  and  3.  After  3  o'clock  the  line  descended  uniform- 
ly until  5  :30,  when  there  was  a  sudden  rise.  Wondering  at  this,  I 
asked  one  of  the  Chicago  Telephone  Company's  courteous  and  able 
engineers,  "What  makes  that  hump?"  '"Oh,"  he  replied,  "that  is 
made  by  the  married  men  of  Giicago  who  call  up  their  wives  be- 
tween 5:30  and  6  and  try  to  exphin  just  why  they  cannot<:be  home 
to  dinner!" 

Mr.  Lockwood — I  remember  noticing  that  one  of  the  terms  used 
by  Mr.  McATeen  in  reference  to  the  loading  coils  was  "toroidal." 
That  term  is  doubtless  familiar  to  many,  but  may  not  be  famiilar 
to  all.  and  I  think  it  would  be  a  very  good  thing  if  Mr.  McMcen 
would  explain  to  us  exactly   the  meaning  of  that  term.     When    T 


Discussion — Long-Distance  Telefiiony.  629 

first  heard  it,  it  was  entirely  unfamiliar  to  me ;  and  I  think  it  is 
always  best  to  explain  such  terms,  for  the  benefit  of  the  possible 
two  or  three  who  do  not  understand  them, 

\\'hile  I  am  on  my  feet  I  wish  to  say  how  extremely  gratified 
I  have  been  in  listening  to  everything  in  the  paper,  and  with  the 
extremely  delightful  and  happy  manner  with  which  it  was  read  and 
explained. 

Mr.  Miller — There  is  a  feature  connected  with  the  commercial 
manufacture  of  those  toroidal  coils  that  occurs  to  me  as  being  a  dif- 
ficult one.  I  refer  to  the  method  of  winding  them.  Coils  wound 
on  a  permanently  closed  magnetic  circuit,  as  in  the  toroidal  core  of 
these  coils,  are  not  susceptible  to  the  ordinary  methods  of  winding 
for  obvious  reasons.  I  confess  ignorance  of  any  method  of  winding 
these  coils  rapidly  by  machinery,  and  suppose,  on  account  of  the 
large  quantities  in  which  they  have  been  manufactured,  that  some 
very  ingenious  machine  must  have  been  devised  for  the  purpose. 
If  it  is  not  asking  for  the  giving  away  .of  state  secrets,  I  suggest 
that  Mr.  McBerty  tell  us  something  about  the  winding  of  these 
toroidal  coils. 

Mr.  McMeen — I  rise  in  response  to  Mr.  Lockwood's  question. 
There  are  several  ways  by  which  I  might  avoid  answering  it ;  one 
is  that  I  might  decline  to  give  the  definition  because  I  did  not  know. 
But  toroidal  really  means  "after  the  maner  of,  or  like,  torus."  or, 
in  other  words,  toroidal  means  shaped  after  the  manner  of  a  dough- 
nut "like  mother  used  to  make'' ;  not  twisted,  but  round,  with  a  hole 
in  it.  The  cross  section  is  an  ellipse.  Toroidal,  then,  means  ring 
shaped,  elliptical  in  cross  section. 

Mr.  Locki^'ood — Yes,  but  tlie  core  must  have  a  circular  or  cylin- 
drical cross  section. 

Mr.  McMcen — The  important  point  still  remains,  that,  without 
regard  to  the  shape  of  the  coil,  it  is  just  as  difficult  to  wind  by  ma- 
chinery such  a  core  with  wire,  whether  elliptical  or  circular.  The 
first  coils  were  wound  by  hand,  but  they  are  now  wound  by  ma- 
chinery. The  core  is  of  wire  insulated  with  a  material  not  fibrous, 
and  is  composed  of  many  turns  of  fine  wire.  The  only  reason  I 
made  the  mistake  of  saying  the  wire  was  soft  is  because  I  did  not 
know.  As  to  the  inachine  that  does  the  winding,  to  which  Mr.  Mil- 
ler refers,  it  is  a  very  ingenious  affair,  and  I  think  Mr.  McBertv 
ought  to  tell  something  about  it.  as  suggested  by  Mr.  Miller. 

.  Mr.  yfcDcrty — The  machine  is  somewhat  difficult  to  describe 
briefly  and  would  be  more  difficult  to  draw;  but  I  will  outline  the 
principle.  Imagine  a  toroidal  core  in  a  horizontal  ])lane  and  a 
winding  spool  interlinked  with  it,  the  spool  having  a  deep  ciiannel 
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turned  in  its  outer  peripliery  to  hold  the  wire  to  be  wound  on  the 
core.  The  spool  has  a  removable  segment,  which,  when  taken  out, 
permits  the  linking  together  of  the  core  and  the  spool.  The  remov- 
able segment  is  held  in  place  by  screws.  The  spool  is  supported 
on  three  roller  so  that  it  can  be  rotated  in  its  own  plane,  the  sec- 
tion of  the  toroidal  core  coinciding  with  the  center  of  the  spool. 
The  removable  section  is  removed,  the  core  and  spool  are  linked  to- 
gether, and  the  removable  section  is  replaced ;  then  the  channel  in 
th  spool  is  wound  full  of  wire  by  rotating  the  spool  in  one  direc- 
tion. The  extremity  of  the  wire  is  attached  to  the  toroidal  core  and 
the  spool  is  again  rotated,  unwinding  its  contained  wire  about  the 
core,  laying  one  turn  on  the  core  for  each  rotation  of  the  spool. 
There  are  some  attachments  for  holding  the  toroidal  core,  rotating 
it  through  small  arcs  to  cause  the  windings  to  be  laid  on  smoothly, 
and  after  taking  up  the  slack  of  the  wire  paid  ofif  from  the  toroidal 
spool. 

Mr.  Watkins,  M.  W.  S.  E.—l  would  like  to  ask  Mr.  :\IcMeen 
just  why  the  term  "loaded"  is  applied  to  a  circuit  containing  in- 
ductance coils  ? 

Mr.  McMecii — In  Dr.  Pupin's  patents,  either  the  one  covering 
the  method,  or  that  covering  the  apparatus,  for  the  insertion  of  in- 
ductance at  determined  points  in  order  to  eliminate  the  hurtful  ef- 
fects of  the  capacity  across  the  circuit,  the  mechanical  analogy  of 
a  vibrating  string  is  used  in  conjunction  with  the  specification  to 
point  out  what  phenomena  appear  in  the  circuit  while  in  use.  You 
will  see,  easily,  that  a  light  string  of  some  length,  one  end  being 
tied  to  a  support  and  the  other  held  in  the  hand,  may  be  shaken  at 
one  end  to  the  production  of  waves  which  pass  from  the  hand  to 
the  support.  Whatever  energy  is  put  into  the  string  will  suffer 
a  large  loss  in  transmission  to  the  support.  If  the  string  have 
added  to  it  weights  such  as  leaden  bullets  at  certain  intervals,  a 
continued  addition  of  such  weights  interspersed  with  experiments 
will  make  plain  that  less  loss  occurs  in  the  waves  in  the  case  of  the 
loaded  string  than  in  the  case  of  the  unloaded  string. 

I  think  this  will  answer  your  question  as  to  the  fitting  use  of  the 
term  "loaded." 

Mr.  Edson — There  is  one  question  I  would  like  to  ask,  and  that 
is  this :  If  we  build  a  long  line — about  500  miles — and  that  line 
begins  to  grow,  and  wc  have  one  pole  line  with  30  or  40  circuits 
and  have  to  run  others,  keeping  on  building,  to  what  point  will  it 
be  more  economical  to  put  in  a  cable  and  get  better  service?  That 
is  a  question  that  is  going  to  come  up  in  the  future.  After  a  while 
we  will  get  our  large  centers  occupied  with  a  great  network  of  verv 


Discussion — Loug-Distance  Telephony.  631 

expensive  overhead  wires,  and  some  day  we  will  have  to  put  those 
circuits  under  ground  and  maintain  them  more  economically.  Now 
the  question  arises,  what  point  in  the  overhead  construction  will  it  be 
more  economical  to  put  in  an  underground  cable  between  certain 
points,  say  400  or  500  miles? 

Mr.  McMccn — The  Chairman  ought  to  answer  that  question. 
My  own  opinion  with  reference  to  that  ultimate  condition  to  which 
you  refer  is  that  in  somebody's  lifetime  those  wires,  when  in  such 
quantities  as  you  indicate,  must  go  underground,  for  a  number 
of  reasons.  Placing  wires  up  in  the  air  on  sticks  is  some  day  going 
to  be  considered  crude,  and  it  is  expensive.  The  wires  must  be 
large  enough  to  hold  themselves  up.  I  feel  very  sure  that  the  con- 
ductor of  the  future  will  be  a  wire  containing  a  distributed  in- 
ductance just  sufficient  to  counteract  the  mutual  capacity  of  a  pair 
of  such  wires  in  place. 

Your  question  is  quite  in  line  with  the  phase  of  the  subject 
which  I  treated  in  the  paper,  without  any  such  expansion  as  the 
gravity  of  the  situation  really  requires.  The  costs  of  contral  office 
equipments  and  the  instruments  used  at  the  ends  of  the  lines,  while 
great  enough  in  total,  are  relatively  insignificant  when  compared 
with  the  very  much  larger  costs  of  the  plant  lying  out  of  doors  on 
poles  and  in  the  ground.  The  real  problem  which  must  be  faced  by 
all  economists  in  telephone  engineering  is  that  of  so  modifying  this 
out-of-door  material  as  to  get  lines  of  greater  efficiency  at  very 
much  smaller  cost  per  unit.  As  matters  stand  to-day,  for  the  rea- 
sons we  have  touched  upon,  the  line  wires  must  be  of  considerable 
size  and  be  maintained  a  considerable  distance  apart.  When  the 
short-circuiting  efifect  of  the  capacity,  which  we  have  harped  upon 
so  much,  has  been  greatly  reduced  or  wholly  eliminated,  the  size 
of  the  wires  may  be  made  less,  the  conductors  of  a  pair  may  be 
much  closer  together  and  the  whole  structure  will  lie  placed  under- 
ground where  maintenance  and  depreciation  charges  will  be  least  and 
the  usefulness  of  the  wl.ole  structure  most  remarkablv  extended. 


MEASUREMENTS  OF  UNDERFLOW  STREAMS  IN  SOUTHERN  CALIFORNIA. 
Prof.  C.  S.   Slighter,   M.  W.  S.  E. 

mkasurkments  at  the   narrows   of  tiik   rio    hondo   and  san 
(;ai:rii:i.  ri\f,r.  California. 

riiesc  uiulcrtlow  nieasurenients  were  made  at  the  narrows  of  the 
Rio  Hondo  and  the  San  Gabriel  River,  about  ten  miles  east  of  Los 
Ang'eles,  California.  The  ultimate  source  of  these  streams  is  found 
in  the  San  Gabriel  Mountains,  a  range  which  runs  nearly  east  and 
west  about  forty  or  fifty  miles  from  the  southern  coast  line  of  Cali- 
fornia. The  main  portion  of  the  mountain  drainage  which  supplies 
this  particular  stream  is  collected  into  one  of  the  larger  caiions  of 
the  range,  known  as  the  San  Gabriel  Canon.  Like  other  streams 
that  originate  in  these  mountains,  the  water  is  not  carried  above 
ground  much  further  than  the  mouth  of  the  cafion,  except  in  times 
of  extreme  flood.  The  ordinary  flow  of  the  river  sinks  into  an 
enormous  alluvial  delta-cone  of  gravel  and  mountain  debris,  and 
passes  underground  in  a  broad,  gently  sloping  valley  until  it  is  inter- 
rupted by  a  line  of  shale  hills  about  ten  miles  south  of  the  mountain 
range.  This  line  of  hills  acts  as  a  dam  to  the  underground  waters, 
except  for  a  break  about  two  miles  in  width  where  the  drainage  of  the 
valley  is  allowed  to  escape  to  the  sea.  This  break  constitutes  the  so- 
called  "narrows"  of  the  river.  In  consequence  of  the  narrow  outlet, 
a  large  quantity  of  the  groundwater  is  brought  to  the  surface,  first 
showing  itself  about  two  miles  above  the  narrows,  and  increasing  in 
volume  as  it  enters  the  contracted  part  of  the  pass.  At  the  present 
time,  the  surface  waters  appear  as  two  distinct  streams,  the  Rio 
Hondo  on  the  west  side  and  the  San  Gabriel  River  on  the  east  side 
of  the  narrows. 

In  1900,  the  flow  of  the  Hondo  at  Old  Mission  Bridge  was  23 
second  feet ;  the  flow  of  the  San  Gabriel  is  somewhat  larger.  The 
observations  at  A\'hitney  Bridge  would  indicate  that  the  groundwater 
and  surface  waters  are  substantially  identical. 

The  measurements  of  the  rate  of  underflow  were  made  by  the 
writer's  electrical  method,  described  in  the  Engineering  News  for 
February  20,  1902,  p.  151.  and  in  Water  Supply  and  Irrigation  Paper 
Number  67  of  the  United  States  Geological  Survey,  p.  48.  The  wells 
used  were  two-inch  drive  wells  with  42-inch  points  and  48-inch  well 
point  extensions.  The  wells  were  usually  arranged  in  groups  of 
four,  one  well  up  stream  designed  to  receive  the  electrolyte  and  three 
wells  down  stream  arranged  two  feet  apart  on  an  arc  of  a  circle  of 
four  foot  radius.  LTsually  the  electrolyte  moving  with  the  ground- 
water would  show  itself  at  but  one  of  the  down  stream  wells,  but 
in  one  or  two  cases  it  readied  twti  of  the  down  streruu  wells  and  in 
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a  few  cases  the  first  setting  of  the  wells  did  not  correspond  to  the 
actnal  direction  of  the  water-flow  so  that  the  lower  w"ells  were  not 
touched  at  all  by  the  dissolved  electrolyte. 

Measurements  were  made  at  four  stations  located  within  the  nar- 
rows of  the  rivers  named.  At  the  first  station,  two  groups  of  wells 
were  driven  under  a  wagon  bridge  over  the  Hondo  near  the  Old  Mis- 
sion. The  electrical  current  was  observed  separately  for  a  circuit 
between  the  casing  of  the  upstream  well  and  the  casing  of  each  of 
the  downstream  wells,  and  also  for  the  circuit  between  the  casing  of 
each  downstreanii  well  and  the  brass-rod  electrode  contained  within 
it.  If  the  upper  well  be  called  A,  and  the  lower  wells  be  called  B, 
C,  and  D,  the  first  of  the  circuits,  referred  to  above,  would  be  desig- 
nated in  the  notes  "Case  B,"  "Case  C,"  etc.,  and  the  second  kind 
of  circuit  was  entered  as  "Electrode  B,"  "Electrode  C,"  etc. 

The  velocities  at  the  first  station  were  3.8  and  6.6  feet  per  day. 
The  direction  of  flow  departed  slightly  from  the  direction  of  the  sur- 
face river,  the  direction  at  the  first  location  being  south  10^  west, 
and  at  the  second  location  about  i^°  west  of  south. 

In  the  second  location,  the  electrolyte  showed  itself  at  both 
of  the  down  stream  wells,  being  stronger,  however,  in  well  E.  Points 
of  special  interest  are  the  several  steps  in  which  the  ampere  curves 
rise,  as  shown  on  the  electrode  circuits  for  both  wells  E  and  E., 
These  indicate  dififerent  velocities  of  ground  water  at  different  strata 
penetrated  by  the  wells.  The  well  points  and  well  point  extensions 
being  covered  with  perfectly  new,  bright  brass  gauze  in  these  first 
tests,  the  different  porous  strata  would  register  themselves  on  the 
brass  gauze  by  blackened  bands  caused  by  the  electrolyte.  In  the 
present  case  there  were  three  distinct  zones  marked  off  on  the  wells 
of  about  24-in.,  20-in.,  and  8-in.  each.  The  velocities  in  these  strata 
undoubtedly  differed  from  one  another  and,  hence,  caused  the  steps 
in  the  ampere  curve.  At  both  locations  at  station  one,  the  ground- 
water was  artesian  in  character,  rising  in  the  wells  about  an  inch  for 
each  additional  foot  increase  in  depth.  The  wells  were  16  ft.  deep 
and  showed  about  15-in.  of  artesian  head  above  the  water  in  the 
flowing  stream. 

The  second  station  was  established  on  the  San  Gabriel  River, 
just  below  the  wagon  bridge  on  the  Whittier  road.  A  special  point 
of  interest  at  this  location  is  the  fact  that  the  river  totally  disappears 
in  its  gravel  bed  a  few  rods  below  this  bridge.  We  hoped  to  secure 
some  facts  concerning  the  direction  and  velocity  of  the  disappearing 
water.  A  double  row  of  wells  was  driven  across  the  river  bed  in 
three  groups  about  33  feet  apart.  All  of  the  wells  except  a  group 
near  the  left  bank  pumped  very  poorly  and  were  evidently  in  very 
tight  material.    The  group  of  wells  near  the  left  bank  consisted  of 


(5:il  SluhLcr  —  I'ndfrjloic  Mtasiiremeuts. 

one  lip  Stream  well,  E,  and  two  down  stream  wells,  1'"  and  G.  These 
wells  evidently  penetrated  two  different  strata  of  water,  as  a  velocity 
of  48  ft.  a  day  was  observed  between  E  and  E,  while  a  second  result 
was  strongly  developed,  indicating  a  velocity  between  E  and  G  of 
4.8  ft.  per  day.  This  latter  rate  was  due  to  the  lower  stratum  of 
water  whose  direction  of  motion  crossed  at  35°  that  of  the  upper 
current  of  disappearing  river  water.  Further  observations  at  this 
point  were  rendered  impossible  by  the  breaking  of  a  dam  some  di- 
tance  above  the  station,  which  completely  flooded  the  wells  after 
the  above  observations  had  been  made. 

The  third  station  was  established  in  a  walnut  grove  on  Temple's 
ranch,  near  the  main  road  from  El  Monte  to  Downey.  This  loca- 
tion is  about  half  way  between  the  two  bluffs  of  the  narrows.  The 
group  consisted  of  four  wells  and  the  velocity  was  found  to  be  quite 
low,  14  in.  a  day.     The  direction  of  flow  was  due  south. 

The  fourth  station  was  on  the  bank  of  the  San  Gabriel  River, 
just  above  the  head  works  of  the  Ranchita  and  Los  Xietos  ditches. 
The  velocity  determined  was  5.6  ft.  a  day,  in  a  direction  due  south, 
making  an  angle,  however,  of  about  45°  with  the  direction  of  the 
surface  stream  at  the  same  point. 

The  cross  section  of  the  alluvial  deposits  at  the  narrows  of  the 
Hondo  and  San  Gabriel  is  about  10,000  feet  wide  and  probably  does 
not  exceed  600  feet  in  depth. 

If  we  assume  that  the  porosity  of  the  underflow  gravel  is  '^i'S  per 
cent  and  that  the  average  velocity  of  the  ground  water  is  10  feet 
per  dav,  the  resulting  estimate  of  the  amount  of  water  which  passes 
underground  through  the  narrows  is  230  second  feet,  or  nearly  four 
times  tlie  flow  of  the  surface  streams.  This  is  undoubtedly  a  maxi- 
mum estimate,  as  there  is  no  indication  that  the  average  velocity  is  as 
high  as  10  ft.  per  day. 

Four  feet  per  day  may  be  assumed  as  a  fair  minimum  value  of 
the  average  velocity.  This  would  correspond  to  a  total  underflow  of 
92  second  feet. 

The  above  measurements  established  the  existence  of  a  distinct 
underflow  of  moderate  velocity  through  the  alluvial  deposits  of  the 
narrows.  In  low  stages  of  the  surface  streams  the  underflow  prob- 
ably represents  a  drainage  from  the  upper  valley  in  excess  of  that 
discharged  by  the  surface  streams.  The  substantial  identity  of  the 
water  of  the  underflow  and  the  water  of  the  surface  streams  is  proved 
by  tests  at  the  Whitney  1  bridge  as  already  noted,  so  that  we  may  con- 
clude that  the  original  mountain  stream  appears  at  the  narrows  as  a 
composite  river,  consisting  of  surface  streams  bordering  both  the 
east  and  the  west  bluft's  of  the  narrows,  together  wdth  a  very  wide 
and  deep  but  slowly  moving  uiulerllow  stream  occupying  the  entire 
maior  trough  of  the  valley. 
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^MEASUREMENTS  AT  THE   XARROWS   OF  THE   MOHAVE   RIVER   NEAR  VIC- 
TORVILLE,    CALn-'ORXIA. 

The  Alohave  River  rises  on  the  slope  of  the  Sierra  Aladre  Aloun- 
tains  in  San  Bernardino  County,  CaHfornia;  the  head  waters  flow- 
ing from  elevations  of  from  5,000  to  8,000  feet.  After  following  a 
general  northerly  course  the  stream  disappears  in  the  Mohave  desert 
a  short  distance  below  Barstow,  Cal.  After  leaving  its  mountainous 
canon  the  stream  gradually  loses  water  and  for  a  large  portion  of 
the  summer  its  bed  is  dry  for  a  greater  part  of  its  course  on  the 
plains.  At  a  point  about  sixteen  miles  north  of  its  source,  the  river 
passes  through  a  narrow  gorge  Cdiled  the  "narrows"  of  the  river. 
The  granite  uplift  which  forms  this  gorge  constitutes  a  dam  which 
raises  the  underflow  to  the  surface,  so  that  a  miile  and  a  half  above 
the  gorge  to  a  considerable  greater  distance  below  the  gorge  the 
stream  i?  of  perennial  flow.  This  gorge  is  just  south  of  the  village 
of  Victorville,  California,  a  station  on  the  Santa  Fe  raihvay.  The 
place  has  been  under  investigation  as  a  possible  site  for  a  dam  by  the 
United  States  Geological  Sur\^ey  during  the  season  of  1899  and  pre- 
viously. Reports  will  be  found  in  the  Eighteenth  Annual  Report, 
United  States  Geological  Survey,  Part  IV,  p.  708,  and  the  Twenty" 
first  Annual  Report,  United  States  Geological  Survey,  Part  IV,  p. 
471.  The  permanent  dry  season  flow  of  the  river  at  the  gorge  varies 
from  about  30  to  60  second  feet.  On  August  15,  1902,  the  discharge 
as  measured  by  J.  B.  Lippincott  was  33  second  feet.  Soundings  have 
l^een  made  to  bed  rock  at  three  different  lines  across  the  narrow  part 
of  the  gorge,  by  the  Y:.  S.  Geological  Survey.  The  position  of  these 
lines  are  shown  in  the  reports  above  referred  to.  The  river  gauge 
rod  of  the  U.  S.  Geological  Survey  is  located  on  the  right  bank  of 
the  river  at  the  end  of  line  3,  which  was  selected  as  the  location  for 
the  underflow  micasurements.  The  maximum  depth  to  bed  rock  at 
this  point  is  46  feet,  as  is  shown  in  the  approximate  cross  section 
given  in  Fig.  11.  The  material  filling  the  gorge  and  constituting 
the  bed  of  it  is  a  coarse  angular  granitic  debris  of  a  size  somewhat 
larger  than  buckwheat.  Determinations  of  the  effective  size  of  the 
gravel  by  King's  aspirator  showed  a  mean  diameter  of  c.72  mm. 
The  samples  of  gravel  were  taken  from  the  surface  material.  High 
velocities  of  the  underflow  determined  at  certain  depths  indicate  that 
there  are  some  streaks  of  coarser  material. 

The  site  selected  for  the  measurement  of  the  underflow  at  the 
upper  narrows  of  the  river  was  in  a  line  extending  across  the  river 
at  right  angles  to  its  main  course,  as  shown  in  the  plan  given  in  Fig. 
IT.  The  water  in  the  river  at  this  point  hard)}-  exceeded  a  foot  in 
depth ;  but  it  spread  over  the  greater  portion  of  the  space  between 
the  banks,  necessitating  the  construction  of  a  small   fo(it  liridefe  in 
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order  to  facilitate  the  work.  The  donhle  row  of  test  wehs,  A,  B,  C, 
D,  E,  F,  G,  H,  I,  J,  were  driven  across  the  river  at  the  point  as  located 
on  the  plan  shown.  The  gorge  at  this  place  is  only  120  feet  wide, 
and  it  was  at  first  thought  unnecessary  to  drive  more  than  a  single 
down-stream  well  for  each  measurement,  as  it  Mas  l^elieved  that 
the  underflow  must  move  through  the  gorge  in  a  very  direct  course. 
It  was  determined,  however,  after  first  salting  the  up-stream  wells, 
that  the  groundwaters  must  be  moving  through  the  gorge  at  this 
point  at  a  slightly  dififcrent  direction  from  that  of  the  surface  waters, 
as  absolutely  no  results  could  be  obtained  from  the  wells  as  first 
arranged.  Accordingly,  directional  wells  M,  X,  Y,  Z,  V,  K,  were 
driven,  as  also  shown  in  this  figure.  In  order  to  determine  whether 
a  variation  in  the  direction  was  the  cause  of  the  failure  to  measure 
the  underflow,  some  preliminary  experiments  were  carried  out  at 
the  position  lettered  E,  test  wells  X  and  Y  being  driven  eighteen 
inches  from  the  well  F.  After  these  wells  were  put  in  place,  the 
Well  E  was  salted.  This  test  turned  out  to  be  unsatisfactory  also,  but 
a  slight  rise  in  the  electric  current  in  well  Y  was  noticed,  which 
encouraged  us  in  the  view  that  we  had  missed  the  direction  of  flow 
in  our  first  test.  We  then  concluded  that  the  groundwater  might 
be  moving  so  rapidly  as  not  to  give  time  for  the  electrolyte  to  spread 
sufficiently,  and  hence  was  able  to  pass  between  two  down-stream 
wells  18  inches  apart.  It  was  also  possible  tb.at  the  direction  of  the 
flow  was  to  the  left  of  the  new  well  Y.  In  order  to  provide  for  this 
contingency,  the  well  X  was  pulled  and  redriven  in  the  position 
indicated  by  the  letter  Z,  i8  inches  from  Y. 

If  it  were  true  that  the  motion  of  the  groundwater  of  the  under- 
flow might  be  so  great  that  the  electrolyte  used  in  well  E  would 
not  have  time  to  spread  sufficiently  so  as  to  be  certain  of  coming  in 
contact  with  one  of  two  down-stream  wells  8  inches  apart,  it  would 
be  necessary  to  modify  the  method  of  salting  E,  so  as  to  cause,  if 
possible,  a  wider  path  to  be  traversed  by  the  electrolyte.  This  wias 
finally  accomplished  by  introducing  into  the  well  E  along  with  the 
dry  sal  ammoniac,  about  10  per  cent  caustic  soda,  or  common  soda 
lye.  This,  of  course,  brought  about  a  reaction  between  the  two  salts 
in  solution,  ammonia  gas  being  liberated.  It  was  believed  that  the 
liberation  of  the  gas  would  cause  the  mixed  chemicals  to  spread 
more  rapidly  in  the  groundwaters.  This  later  seemed  to  be  the 
case,  for  carrying  cut  the  experiment  in  this  way,  it  was  found  that 
the  electrolyte  reached  well  Y,  where  it  showed  itself  very  strongly, 
and  just  grazed  well  F.  The  electrode  curve  for  well  Y  is  shown 
in  Fig.  12.  which  indicated  a  velocity  of  groundwaters  of  about  52.4 
ft.  for  24  hours.  This  velocity  was  several  times  greater  than  any  I 
had  previously  determined,  which  accounted  for  the  difficulties  we 
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encountered  in  interpreting  our  first  failure  and  in  getting^  the  direc- 
tion of  flow.  After  this  experience  all  of  the  upstream  wells  were 
salted  with  the  same  mixture  of  sal  ammoniac  and  caustic  soda 
and  no  further  difficulties  were  experienced  in  getting  the  velocity 
and  direction  of  flow".  At  the  various  stations  A,  E,  G,  I,  deter- 
minations nf  velocity  were  made  at  various  depths  as  is  shown  by 
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numbers  enclosed  in  rectangular  lines  at  appropriate  points  in  the 
cross-section,  Fig.  ii.  The  jMpe  casing  of  well  D  was  found  to  be 
broken  below  the  ground  and  station  C  was  on  that  account  not 
used. 

Another  determination,  that  of  Well   K.  of  this  same  series  is 
shown  in  Fig.   13. 

At  depths  below  the  surface  not  exceeding  25  or  30  ft.  the  gravel 
of  the  gorge  is  completely  silted  with  fine  material  deposited  by  the 
river,  and  is,  of  course,  impervious.  At  stations  E,  G,  and  T,  after 
the  well  points  w'cre  driven  a  few-  feet  bek)w  the  point  at  which  the 
deepest  measurements  w-ere  made  the  points  were  completely  im- 
bedded in  tlu   silted  gravel  and  no  water  could  be  drawn  from  the 
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wells  with  an  ordinary  pump.  It  was  therefore  very  plain  that  the 
underflow  of  the  gorge  was  confined  to  a  depth  not  exceeding  about 
30  feet.  All  of  the  velocities  determined  in  the  (^lear  gravel  of  the 
gorge  ran  very  high,  three  of  them  exceeding  a  velocity  of  fifty 
feet  for  24  hours.  Taking  Schuyler's  figures  for  the  area  of  the 
cross-section  of  the  gorge,  4,160  square  feet,  and  assuming  a  mean 

DIAGRAM   SHOWING   VELUC\TY 
OF  UNDERTLOW  AT  N/^RROVVS 

OV   MOJAVE  R»\/ER.  STATION  ET. 

I.A-0 


1.30 
^20 
1. 10 
1.00 
.90 
.80 
.70 
.60 
.50 
.4-0 
■30 


•20 


/ 

r\ 

^ 

\ 

1 

\ 

1 

\ 

\ 

\ 

(0 
1  i 

<j 

m 

\ 

a: 
1,1 

11: 

J 

y 

8 


3       10 


II 


12. 


2.     3 


A- 


y^MPERE  CURVE- WELlr'Y."  DEPTH,I4-'. 
VELOCITy      SS  FT    PER   a4HRS. 

AUG,,  n,  \^Qz 
Fig  12  A 


velocity  of  groundwater  in  the  entire  section  of  50  feet  for  24  hours, 
and  estimating  the  porosity  of  the  gravel  at  33  1/3  per  cent,  the 
total  underflow  in  the  gorge  will  he  found  to  be  less  than  one  sec- 
ond-foot. This  must  be  understood  to  be  a  niaximum  estimate.  The 
underflow  proliably  does  not  exceed  300,000  gallons  for  24  hours. 
The  gradient  of  the  water  plane  at  and  above  the  gorge  is  almost 
exactlv  20  feet  to  the  mile. 
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DESCRIPTION     OF     UNHKRFLOW      MFTER,     USliD     IN      MEASURING     THE 
VELOCITY   AND  DIRECTION    OF    MOVEMENT   OF    UNDERGROUND 

WATERS. 

The  apparatus  used  is  of  two  types:  (  i)  direct  reading,  or  hand 
apparatus,  requiriuq-  the  personal  presence  of  the  operator  every 
hour  for  reading-  the  instruments,  and  (2)  recording  apparatus 
which  requires  attention  hut  once  in  a  day.  The  arrangement  of 
the  test  wells  and  manner  of  wiring  the  wells  is  essentially  the  same 
in  both  cases. 
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The  test  wells  suitable  for  use  with  the  underflow  meter  in  de- 
termining the  velocity  of  groundwaters  may  be  common  i^-inch 
or  2-inch  drive  wells,  if  the  soil  bearing  material  is  easily  pene- 
trated and  if  the  depths  desired  to  be  reached  do  not  exceed  50  to 
75  ft.  For  greater  dej^ths  and  more  ditTicult  material,  wells  of 
heavier  construction  should  be  used.  The  i>^-in.  drive  wells  are 
much  ])referable  to  the  i^-in.  size  because  of  the  fact  that  i^^j-in. 
pipe  is  lap-welded,  wbile  the  iVi-'m.  pipe  is  butt-welded,  and  less 
capable  of   standing  -evcre   jiounding.     The  drive  point   used   with 
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ihe  well  may  be  ijo-in.  standard  brass  jacket  .well  points  42  in.  to 
48  in.  long,  with  No.  60  brass  gauze  strainer.  The  well  points 
should  be  threaded  with  i  jX-in.  of  standard  thread,  somewhat  more 
than  is  usually  foimd  on  the  trade  goods.  The  pipe  should  be  full 
weight,  strictly  wrought  iron  standard  pipe,  cut  in  lengths  of  6  or 
7  feet,  and  threaded  i^  in.  at  each  end.  The  couplings  should 
be  wrought  iron  hydraulic  recessed  couplings,  and  the  thread  upon 
the  pipe  should  be  cut  in  such  a  way  that  when  properly  screwed 
up  the  ends  of  the  pipe  will  abut.  The  recessed  couplings  protect 
the  pipe  at  its  weakest  point,  while  an  ordinary  coupling  will  leave 
exposed  a  thread  or  two  of  the  pipe,  so  that  severe  driving  is  liable 
to  swell  and  ultimately  rupture  the  pipe  just  above  the  coupling. 

The  driving  head  should  be  made  of  rolled  steel  shafting  and 
should  be  about  4  inches  long,  carrying  y]/^  ins.  of  standard  thread 
and  an  air  hole  to  permit  the  free  esacpe  of  air  from  the  well  while 
the  driving  is  in  progress.  A  driving  ram  for  putting  down  the 
drive  well  should  be  about  5^2  ft.  long  by  5,^  ins.  in  diameter, 
made  of  heavy  oak  or  other  tough  wood,  with  iron  bands  shrunk 
on  the  ends,  and  bearing  two  handles  of  hard  wood  at  each  end,  in 
order  to  facilitate  the  handling  of  the  ram  by  two  men.  It  is  con- 
venient to  have  these  handles  placed  one  about  one  foot  from  one 
end.  and  the  other  about  two  feet  from  the  other  end.  By  reversing 
the  ram  the  handlers  are  brought  in  a  more  convenient  position  for 
driving  as  the  well  goes  down.  If  the  test  wells  are  to  be  sunk  to 
a  depth  exceeding  that  to  which  drive  points  can  be  readily  driven, 
open  end  2-in.  wells  should  be  used.  These  wells  should  be  of  full 
weight,  strictly  wrought  iron  2-in.  pipe  with  long  threads  and  re- 
cessed hydraulic  coupling  as  described  above.  The  pipes  can  be  put 
down  without  a  strainer,  in  which  case  a  \]A^-\r\.  well  point  with 
turned  coupling  may  be  inserted  through  a  drive  shoe  at  the  bot- 
tom of  the  casing  after  the  well  is  driven  into  place,  or  an  open 
end  brass-jacket  well  point,  48  ins.  long,  may  be  put  down  with 
the  well.  The  casing  should  be  driven  into  place  With  a  cast  iron 
ram  varying  in  weight  from  150  to  250  lbs.,  simultaneously  hy- 
draulicking  a  passage  for  the  pipe  with  a  water  jet  in  ^-in.  wash 
pipe.  There  are  many  hand-rigs  on  the  market  suitable  for  this 
work,  or  a  rig  can  be  readily  constructed  by  any  good  mechanic.  A 
suitable  pump  for  the  hydraulic  jet  is  a  double-acting  horizontal 
force  pump  with  a  4-in.  by  41^-in.  cylinder.  If  the  material  in 
which  the  well  is  to  be  drilled  is  not  too  hard  nor  too  full  of  boul- 
ders, the  writer  recommends  that  an  open  end  well  point  be  put 
down  with  the  casing.  This  is  apt  to  cause  some  difficulty  in  the 
proper  working  of  the  hydraulic  jet,  through  the  screen  of  the  well 
point.    This  difficulty  can  1  e  obviated  and  a  more  powerful  wash  se- 
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curi'd  by  admitting-  a  considerable  quantity  of  air  along  with  the 
water  at  the  suction  end  of  the  force  pump.  The  exact  amount  of 
air  to  be  admitted  can  be  readily  determined  with  a  litde  experi- 
ence. The  effect  of  the  air  entering^  the  well  under  high  pressure 
is  to  form  a  powerful  air  lift  which  will  throw  out  from  the  top 
of  the  well  casing  the  water  and  gravel  with  great  force.  It  has 
been  the  writer's  experience  that  the  best  hydraulic  samples  are 
obtained  with  the  combination  hydraulic  pneumatic  jet.  With  the 
hydraulic  jet  alone,  the  coarser  particles  have  a  tendency  to  remain 
at  the  bottom  of  the  well. 

After  a  test  is  completed,  the  well  casing  can  readily  be  pulled 


Fig    1. 

by  a  Number  2  cast  iron  pipe  puller,  and  two  five-ton  railroad  jacks. 
Sets  of  dies  for  the  pipe  puller  to  fit  both  i^-in.  and  2-in.  pipe 
can  be  obtained  at  small  cost.  In  F'ig.  i  is  shown  the  operation  of 
the  pipe  puller  and  railroad  jacks.  The  test  wells  are  driven  in 
groups  as  shown  in  Fig.  2,  each  group  of  wells  constituting  a  single 
station  for  the  measurement  of  the  direction  and  rate  of  flow  of  the 
groundwater.  In  case  the  wells  are  not  driven  deeper  than  twenty- 
five  feet,  an  "upstream"  or  "salt  well,"  A,  is  located,  and  three  other 
wells  B,  C,  and  D,  are  driven  at  a  distance  of  four  feet  from  A,  the 
distance  between  B  and  C  and  C  and  D  being  about  two  feet.  The 
well  C  is  located  so  that  the  line  from  A  to  C  will  coincide  with  the 
probable  direction  of  the  expected  groundwtiter  movement.  This 
direction  should  coincide,  of  course,  with  the  local  slope  of  the  water 
plaiK'.  and  it"  this  is  ndt  accurately  known,  it  slunild  l)e  determined 
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by  means  of  leveling.  For  deeper  work  the  wells  should  be  located 
farther  apart,  as  shown  in  the  right  portion  of  Fig.  2.  For  depths 
exceeding  seventy-five  feet,  a  radius  of  eight  or  nine  feet  and  chords 
of  four  feet  should  be  used,  the  general  requirement  being  that  the 
wells  should  be  as  close  together  as  possible  so  as  to  cut  down  to  a 
minimum  the  time  required  for  a  single  measurement,  but  not  so 
close  that  important  errors  are  liable  to  be  introduced  by  the  inabil- 
ity to  drive  the  wells  perfectly  straight  and  plumb.     On  this  ac- 


Fig.  2. 

count  the  deeper  the  wells,  the  further  apart  they  should  be  placed. 
The  angles  B  A  C  and  CAD  should  not  exceed  30  degrees. 

Electrical  connection  is  made  with  the  casing  of  each  test  well 
by  means  of  a  drilled  coupling  carrying  a  binding  post.  Each  of 
the  downstream  wells  B,  C,  D,  contains  within  the  Well  point,  or 
screen  section,  an  electrode  consisting  of  a  nickeled  brass  rod  %  in. 
in  diameter  and  4  ft.  long,  insulated  from  the  casing  by  wooden 
spools.  An  electrode  is  shown  in  Fig.  3.  This  electrode  communi- 
cates with  the  surface  by  means  of  a  rubber  covered  copper  wire. 
Fig.  4  illustrates  the  arrangement  of  electric  circuits  between  the  up- 
stream well  and  one  of  the  down-stream  wells.  Each  of  the  down- 
stream wells  is  connected  to  the  up-stream  well  in  the  manner  shown 
in  this  figure. 

A  photograph  of  the  direct  reading  underflow-meter  is  shown 
in  Fig.  5.  Six  standard  dry  cells  are  contained  in  the  bottom  of  the 
box,  their  poles  connected  to  the  six  switches  shown  at  the  rear  of 
the  case.  By  means  of  these  switches,  any  number  of  the  six  cells 
may  ]:e  thrown  into  the  circuit  in  series.  One  side  of  the  circuit  ter- 
minates in  eight  press  keys,  shown  at  the  left  end  of  the  box.  The 
other  side  of  the  circuit  passes  through  an  ammeter  shown  in  the 
center  of  the  box,  to  two  three-way  switches  at  right  end  of  the 
box.  Four  of  the  binding  posts  at  the  left  end  of  the  box  are  con- 
nected respectively  to  the  casing  of  well  A,  and  to  the  three  elec- 
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trodes  of  wells  B,  C,  and  D,  in  the  order  named.  The  binding  posts 
at  the  right  end  of  the  box  are  connected  to  the  casings  of  wells  B, 
C,  and  D.  There  are  enough  binding  posts  so  that  two  different 
groups  of  wells  can  be  connected  to  the  same  instrument.  When 
the  three-way  switch  occupies  the  position  shown  in  the  illustration, 


Fig.  4. 

-on  pressing  the  first  key  at  left  end  of  the  box,  the  ammeter  will 
show  the  amount  of  current  passing  between  casing  of  well  A  and 
casing  of  well  B.  When  the  next  key  is  pressed  the  ammeter  will 
indicate  the  current  between  the  casing  of  well  B  and  the  electrode 
contained  within  it.  In  one  in.stance  the  current  is  conducted  be- 
tween the  two  well  casings  l)y  means  of  the  groundwater  in  the 
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soil ;  in  the  second  case  the  electric  circuit  is  completed  by  means  of 
the  water  within  well  B.  By  putting  the  three-way  switch  in  sec- 
ond position  and  pressing;-  the  first  and  third  keys  in  turn,  similar 
reading-s  can  be  had  for  current  between  casings  A  and  C,  and  be- 
tween casing  C  and  its  internal  electrode.  Similarly  with  the  switch 
in  the  third  position,  readings  are  obtained  by  pressing  the  first  and 
fourth  keys. 

The  principles  involved  in  the  working  of  the  apparatus  are  quite 
simple.  The  up-stream  well  A  is  charged  with  a  strong  electrolyte, 
such  as  sal  ammoniac,  which  passes  down  stream  with  the  moving 
underground  water,    rendering  it   a  good   electrolytic  conductor  of 
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electricity.  If  the  groundwater  moves  in  the  direction  of  one  of 
the  lower  wells,  B.  C.  D,  etc.,  the  electric  current  between  A  and  B, 
A  and  C,  or  A  and  D  will  gradually  rise,  mounting  rapidly  when  the 
electrolyte  begins  to  touch  one  of  the  lower  wells.  When  the  elec- 
trolyte finally  reaches  and  enters  inside  of  one  of  the  wells  B,  C.  D, 
it  forms  a  short  circuit  between  the  casing  of  the  well  and  the  in- 
ternal electrode,  causing  an  abrupt  rise  in  the  electric  current.  The 
result  can  be  easily  understood  by  consulting  Fig,  6,  in  which  the 
electric  current  as  observed  in  an  actual  field  test  is  depicted  graph- 
icallv. 
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The  time  which  elapses  from  the  charg-ing  of  the  well  A  to  the 
arrival  of  the  electrolyte  at  the  lower  well  gives  the  time  necessary 
for  the  groundwater  to  cover  the  distance  between  these  two  wells. 
Hence,  if  the  distance  between  the  wells  be  divided  by  this  elapsed 
time,  the  result  will  be  the  velocity  of  the  groundwater.  The  elec- 
trolyte does  not  appear  at  one  of  the  down-stream  wells  with  very 
great  abruptness,  but  its  appearance  there  is  somewhat  gradual,  as 
shown  in  the  curves  in  Figs.  6  and  7.     The  time  required  for  the 
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electrolyte  to  reach  its  maximum  strength  in  one  of  the  down- 
stream wells  (and  hence,  for  the  current  to  reach  its  maximum 
value),  may  vary  from  a  few  minutes,  in  a  case  of  high  velocity  of 
the  groundwater  to  several  hours,  in  a  case  of  low  velocity.  The 
wtriter  formerly  supposed  that  the  gradual  appearance  of  the  elec- 
trolyte at  the  down-stream  well  was  largely  due  to  the  diffusion  of 
the  dissolved  salt,  but  it  is  now  known  that  diffusion  plays  but  a 
small  part  in  the  result.     The  principal  cause  of  the  phenomena  is 


048 


Sluhter —  L 'ndcrtloic  Mcasincmoits. 


due  to  the  fact  that  the  central  thread  of  water  in  eacli  capillary 
pore  of  the  soil  moves  faster  than  the  water  at  the  walls  of  the  capil- 
lary- pore,  just  as  the  water  near  the  central  line  of  a  river  channel 
usually  flows  faster  than  the  water  near  the  hanks.  For  this  reason, 
if  the  w^ater  of  a  river  suddenly  be  made  muddy  at  a  certain  up- 
stream point,  the  muddiness  of  the  water  will  appear  somewhat 
gradually  at  a  dowm-stream  point,  being  first  brought  down  by 
the  rapidly  moving  water  in  the  center  of  the  channel,  and  later  on 
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by  the  more  slowly  moving  water  near  the  banks.  The  effect  of 
the  analogous  gradual  rise  in  the  electrolyte  in  the  down-stream 
well,  requires  us  to  select  the  "point  of  inflection"  of  the  curve  of 
electric  current,  as  the  proper  point  to  determine  the  true  time  at 
which  the  arrival  of  the  electrolyte  should  be  counted.  This  point 
is  designated  by  the  letter  M  in  the  Figs.  6  and  7. 

Owing  to  the  repeated  branching  and   subdivision  of  the  capil- 
lary pores  around  the  grains  of  the  sand  or  gravel,  the  stream  of 
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electrolyte  issuing  from  the  well  will  gradually  broaden  as  it  passes 
downstream.  The  actual  width  of  this  charged  water  varies  some- 
what with  the  velocity  of  the  groundwater,  but  in  no  case  is  the 
rate  of  divergence  very  great.  The  manner  in  which  the  electro- 
lyte spreads,  has  been  carefully  investigated.  The  width  of  the 
stream  is  about  3  ft.  at  a  distance  of  4  ft.  downstream  from  the  "salt" 
well,  when  the  groundwater  velocity  is  about  12  ft.  in  24  hours.  The 
electrolyte  spreads  somewhat  less  for  higher  velocities.  It  is  pos- 
sible to  dispense  with  the  circuit  between  the  casing  of  well  A  to 
the  casing  of  each  of  the  other  wells,  as  the  short  circuit  between 
the  well  and  electrode  forms  the  best  possible  indication  of  the  ar- 
rival of  the  electrolyte  at  the  down-stream  well.  For  cases  in  which 
the  velocity  of  groundwater  is  high  the  circuit  to  well  A  is  prac- 
tically of  no  value,  but  for  slow  motions  this  circuit  shows  a  rising 
current  before  the  arrival  of  the  electrolyte  at  the  lower  well,  often 
giving  indications  of  much  value  to  the  observer. 

The  method  can  be  used  quite  successfully  even  though  nothing 
but  common  pipe  be  used  for  the  wells.  In  this  case,  however,  the 
absence  of  screen  or  perforations  in  the  wells  renders  the  internal 
electrodes  useless,  and  one  must  depend  upon  the  circuit  from  well 
casing  of  the  up-stream  well  to  well  casing  of  down-stream  well. 

Granulated  sal  ammoniac  is  used  to  dose  the  well  A.  A  single 
charge  may  vary  from  four  to  ten  pounds.  If  common  pipe  without ' 
points  or  screen  is  used  for  the  wells,  so  that  internal  electrodes  must 
be  dispensed  with,  doses  of  about  two  pounds  each  should  be  re- 
peated about  every  hour.  The  dry  salt  should  not  be  poured  directly 
into  the  well,  but  should  be  lowered  in  perforated  buckets,  as  shown 
in  the  illustration.  Fig.  3.  These  buckets  are  i^  in.  diameter  and 
30  ins.  long,  and  hold  about  two  pounds  of  the  salt.  Two  of  these 
buckets  may  be  tied  one  above  the  other  for  the  initial  charge,  and 
followed  by  two  more  in  ten  or  twenty  minutes. 

If  the  wells  are  not  too  deep,  the  sal  ammoniac  may  be  intro- 
duced into  the  well  in  the  form  of  a  solution.  A  common  bucket 
full  of  saturated  solution  is  sufficient.  There  is  an  uncertainty  in  in- 
troducing the  sal  ammoniac  in  solution  in  deep  wells,  as  the  time 
required  for  the  solution  to  sink  to  the  bottom  of  the  well  may  be 
considerable. 

The  direct  reading  ammeter  used  in  the  work  has  two  scales, 
one  reading  from  o  to  1.5  amperes  and  the  other  from  o  to  5  am- 
peres. With  a  given  number  of  cells,  the  amount  of  current  be- 
tween the  up-stream  and  a  dow!n-strcam  well  will  depend,  of  course, 
upon  several  factors,  sucli  as  the  depth  and  distance  apart  of  the 
wells,  but  more  especially  upon  the  amount  of  dissolved  mineral 
matter  in  the  groundwater.    The  initial  strength  of  the   electric  current 
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can  be  readilx  ailjusttd,  however,  after  the  wells  have  been  con- 
nected with  the  instruments,  by  turning;  on  or  ofif  some  of  the  bat- 
tery cells  by  means  of  the  switches  at  the  rear  of  the  box.  It  is  a 
good  plan  to  use  enough  cells  so  that  the  initial  current  lies  between 
one-tenth  and  two-tenths  of  an  ampere. 

In  the  second  form  of  underflow  meter,  a  self -recording  instru- 
ment is  used  in  place  of  the  direct  reading-  ammeter,  thus  doing 
away  with  the  tedious  work  of  taking  the  frequent  observations  day 
and    night,    which    are    required    when    direct    reading   instruments 


Fig.  8. 

are  used.  The  arrangement  of  the  apparatus  is  not  materially  dif- 
ferent from  that  described  above.  In  the  place  of  the  direct  read- 
ing ammeter,  a  special  recording  ammeter  is  used  of  range  o  to  2 
amperes.  It  has  been  found  practicable,  although  a  matter  of  some 
difficulty,  to  construct  an  instrument  of  this  low  range  sufficiently 
portable  for  field  use  and  not  too  delicate  for  the  purpose  for  which 
it  is  intended.  The  ammeter  has  a  resistance  of  about  1.6  ohms,  and 
is  provided  with  an  oil  dash  pot  to  dampen  the  swing  of  the  arm 
•carrying  the  recording  pen.     The  instruments  were  manufactured 
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by  the  Bristol  Company.  They  have  gone  through  hard  usage  in 
the  field  without  serious  breakage  or  mishap.  The  portability  of 
the  instruments  will  be  materially  increased  by  changes  in  design 
which  are  now  being  made. 

The  methods  of  wiring  the  wells  when  the  recording  instruments 
are  used  is  slightly  changed.  In  this  case  one  side  of  the  battery  cir- 
cuit is  connected  to  casing  of  well  A  and  to  all  of  the  electrodes  of 
wells  B,  C,  and  D.  The  other  side  of  the  battery  is  run  through  the 
recording  ammeter  to  a  commutator  clock,  which  once  every  hour 
makes  a  contact  and  completes  the  circuit,  one  after  the  other,  to  a 
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Fig.  9.     Arkansas  Valley,  Kan. 


series  of  binding  posts.  One  of  these  binding  posts  is  connected  to 
the  casing  of  well  B,  one  to  the  casing  of  well  C,  and  one  to  the 
casing  of  well  D.  The  time  of  contact  is  ten  seconds,  which  gives 
an  abundance  of  time  for  the  pen  to  reach  its  proper  position  and  to 
properly  ink  its  record. 

In  Fig.  8  is  shown  a  commutator  clock  made  for  this  purpose 
by  the  instrument  maker  of  the  College  of  Engineering,  University 
of  Wisconsin.  The  clock  movement  is  a  standard  of  fair  grade, 
costing  less  than  five  dollars.     It  can  readily  be  taken  from  the  case 
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for   cleaning  or  oilinj^-,  and   quickly   replaced.     A   good   movement 
with  powerful  springs  is  best  for  this  purpose. 

It  will  be  seen  from  the  method  of  wiring  the  wells  that  the  rec- 
ord will  show  the  sum  of  the  current  between  well  A  and  well  R 
added  to  the  current  between  the  casing  of  well  B  and  its  electrode. 
The  removal  of  the  connection  to  well  A  would  permit  the  record 
to  show  the  current  between  the  casing  of  a  down-stream  well  and 
its  electrode,  but  the  connection  to  the  up-strcana  well  involves  no 
additional  trouble  and,  occasionally,  its  indications  are  of  much 
service,  especially  if  the  velocities  are  low.  All  of  the  instruments 
above  mentioned  can  be  placed  in  a  common  box,  i6  in.  by  22  in.  by 
36  in.,  covered  with  tar  paper  and  locked  up. 
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Fig.  10.     Arkansas  \'alley,  Kan. 

The  contacts  on  the  commutator  clock  are  arranged  about  five 
minutes  apart,  so  that  the  record  made  for  the  wells  will  appear 
on  the  chart  as  a  group  of  lines,  one  for  each  down-stream  well,  of 
length  corresponding  to  the  strength  of  the  current.  The  increas- 
ing current  corresponding  to  one  of  the  wells  will  finally  be  indi- 
cated by  the  lengthening  of  the  record  lir.es  for  that  well.  Th.e  rec- 
ord charts  are  printed  in  light  green  ink  and  red  ink  is  used  in  the 
recording  pen,  so  that  record  lines  can  be  distinguished  when  super- 
imposed upon  the  lines  of  the  chart  A  special  clnrt  has  been  de- 
signed for  this  w(irk,  and  is  furnislud  by  the  Uristcil  Company  as 
chart  458. 

The  recording  instruments  in  use  have  given  perfect  satisfaction 
and  the  method  is  a  great  improvement  in  accuracy  and  con\enience 
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over  the  direct  reading  method.  The  highest  as  well  as  the  lowest 
groundwater  velocities  yet  found  have  been  successfully  measured 
by  the  recording  instruments.  By  using  one  or  two  additional  dry 
cells  the  instrument  is  quite  as  sensitive  as  the  direct  reading  type. 
In  using  the  recording  instrument  but  a  single  charge  of  salt  need 
be  placed  in  the  up-stream  well.  If  the  wells  are  deep  it  is  impor- 
tant to  use  enough  salt  or  solution  to  insure  that  the  salt  reaches  as 
deep  as  the  screen  of  the  well  point  immediately  after  the  solution 
is  poured  into  the  well.  A  gallon  of  solution  will  fill  about  6  ft.  of 
full  weight,  wrought  iron  pipe,  so  that  ten  gallons  of  solution  should 
be  used  if  the  well  is  60  ft.  deep.  If  the  proper  amount  of  solution 
be  not  used  it  will  take  an  appreciable  time  for  the  solution  to  reach 
the  bottom  of  the  well  by  convection  currents  and  the  results  will 
be  vitiated  to  that  extent.  As  before  stated,  it  is  preferable  to  intro- 
duce into  the  well  granulated  sal  ammoniac  contained  in  a  suitable 
bucket,  in  case  the  depth  of  the  well  renders  the  use  of  a  solution 
uncertain. 

Before  salting  the  up-stream  well  of  any  set  of  test  wells,  the 
electric  circuit  should  be  closed  between  each  adjacent  pair  of  down- 
stream wells  and  the  current  measured  with  the  direct  reading  am- 
meter and  recorded  in  the  note  book.  An  occasional  reading  of 
these  same  circuits  will  obviate  the  electrolyte  passing  between  two 
of  the  down-stream  wells  without  the  knowledge  of  the  observer. 
This  is  nicely  shown  by  the  results  obtained  with  the  set  of  wells 
shown  in  Figs.  9  and  10.  At  the  location  of  this  station  the  direc- 
tion of  the  f]ow  w*as  at  first  not  correctly  estimated  on  account  of  its 
nearness  to  a  river  whose  height  was  fluctuating.  For  that  reason 
the  down-stream  wells  were  redriven  at  distances  of  but  20  inches 
from  each  other.  The  diagram  gives  the  ampere  curves  for  wells 
B  and  C,  both  of  which  were  reached  by  the  electrolyte,  and  also  the 
curves  of  current  between  wells  B  and  C  and  wells  C  and  D.  The 
actual  direction  of  flow  can  be  seen  from  these  curves  to  He  between 
B  and  C,  and  probably  nearer  B  than  C,  since  the  curve  for  B  rises 
somewhat  earlier  and  the  percentage  increases  in  current  is  greater. 
The  same  fact  is  shown  by  the  curves  representing  the  current  be- 
tween B  and  C  and  between  C  and  D.  The  main  stream  of  elec- 
trolyte must  have  passed  between  B  and  C,  as  is  shown  by  the  more 
abrupt  and  earlier  rise  of  the  current  between  B  and  C  as  compared 
to  that  between  C  and  D. 


THE  EXCURSION  TO  MILWAUKEE,  WIS,,  AUG.  26,  1904. 

On  the  above  elate  the  Western  Society  of  Engineers  made  an 
excursion  to  Milwaukee  to  inspect  the  track  depression  of  the  Chi- 
cago &  Xorthwestern  Railroad.  This  railroad  company  provided  a 
special  train  for  the  trip.  The  party,  consisting  of  about  150  per- 
sons, including  ladies,  left  Chicago  at  9:15  a.  m.  and  arrived  at  Mil- 
waukee about  1 1  :30  a.  m.  The  route  taken  was  over  the  Skokie 
cut-off  recently  completed,  which  joins  the  main  track  at  Lake 
Bluff,  there  being  no  stop  made  between  Mayfair  and  that  point. 
This  allows  fast  trains  to  avoid  the  traffic  between  Chicago  and 
the  smaller  towns  north  along  the  hke. 

Arriving  at  ^Milwaukee,  a  box  lunch  was  served  on  the  train, 
after  which  the  party  was  taken  to  the  Xorthwestern  end  of  the 
track  depression  near  to  Whitefish  Bay,  where  some  of  the  ladies 
.spent  the  afternoon.  The  majority  of  the  gentlemen  of  the  party 
boarded  a  construction  train  in  order  to  have  a  more  satisfactory 
view  and  study  of  the  work  done  at  the  track  depression.  Mr.  E. 
C.  Carte",  chief  engineer,  and  Mr.  Wm.  H.  Finley,  principal  assist- 
ant engineer,  of  the  Chicago  &  Xorthwestern  Railway,  conducted 
the  party  on  their  tour  of  inspection.  Mr.  C.  I.  Pbetsch,  city  en- 
gineer, of  Milwaukee,  and  Mr.  B.  W.  Perrigo,  assistant  city  en- 
gineer, were  also  of  the  party.  The  construction  of  the  track 
depression  involved  the  excavation  of  two  miles  of  road  to  an  aver- 
age depth  of  about  18  feet,  the  maximum  depth  being  193/2  feet- 
Actual  track  depression  begins  about  a  mile  north  of  the  main  pas- 
senger station  in  ^^lilwaukee.  In  order  to  provide  room  for  a  three- 
track  system,  the  construction  of  a  sea-wall  was  necessary  along 
part  of  the  way.  as  a  protection  to  the  embankment  against  the 
encroachment  of  Lake  ^lichigan.  This  wall  is  of  concrete,  about 
2.450  feet  long.  The  width  of  the  depression  is  63  feet,  the  max- 
imum gradient  is  0.3  of  one  per  cent,  and  the  elevations  are  from 
38  feet  to  45  feet  above  the  city  datum.  The  construction  of  this 
work  necessitated  the  lowering  of  sewers  and  watermains  about  26 
feet,  which  brings  their  present  location  about  5  feet  below  the  top 
of  the  sub-grade.  The  rubble  stone  for  this  masonry  was  supplied 
from  a  quarry  at  Duck  Creek,  owned  by  the  railway  company.  This 
quarr\-  furnishes  rock  of  exceptional  quality.  The  illustration  shows 
a  view  of  two  of  the  bridges  for  the  overhead  street  crossings,  and 
the  massive  character  of  the  masonry  retaining  walls. 

After  viewing  the  track  depression,  a  short  visit  was  made  at 
the  works  of  the  Xational  Electric  Co.  From  there  the  party  went 
on  to  inspect  the  pumping  station  of  the  river  flushing  works,  and 
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the  new  hreakwatLT,  wliicli  consists  of  a  concrete  block  sui)erstruc- 
tiire  on  the  snbstructnre  of  the  (ihl  c ih  hreakwater.  llie  concrete 
pier  was  also  visited  1)\    some  of  the  party. 

The  special  train  then  carried  the  visitors  to  West  Allis.  to  the 
new  ■■^klodtl"  works  of  the  Allis-Chalniers  Co.  Booklets  contain- 
ing a  map  of  the  works  were  distributed,  in  which  the  route  through 
the  seveial  shops  was  laid  down  in  red  ink.  The  works  are  a  model 
from  many  points  of  view,  and  considerable  interest  was  manifested 
bv  many  of  the  i)arty  in  the  various  departments.  A  group  photo- 
graph of  the  visitors  was  made  on  the  trip  through  the  shops. 

After  leaving  the  Allis-Chalmers  works  the  train  brought  the 
partv  back  to  the  city  where  an  opportunity  was  afforded  to  view 
the  new  plant  of  the  Milwaukee  Coke  &  Gas  Co..  the  principal  fea- 
ture of  which  is  the  manufacture  of  coke  on  a  large  scale  in  the 
Semet-Solvav  Co.'s  by-product  ovens.  The  train  then  conducted 
the  partv  to  \\'hite{ish  IJay.  where  supper  was  served  in  the  hotel 
overlooking  the  lake.  Tlic  party  started  on  the  return  trip  at  7 
p.  m..  leaving  Milwaukee  at  7:35  p.  m..  and  arriving  in  Chicago  at 
9:45  p.  lu.,  and  all  declared  they  had  a  very  enjoyable  trip. 

A.  L. 


EXCURSION  TO  ST.  LOUIS  AND  THEBES,  ILL. 

On  November  17th,  1904,  the  society  made  a  special  trip  to  St. 
Louis  and  to  Thebes,  to  view  the  great  International  Exhibition 
and  to  see  the  progress  of  construction  upon  the  great  cantilever 
bridge  over  the  Mississippi  River. 

A  partv  of  about  ninety  members  and  guests  (including  several 
ladies)  left  Chicago  at  9:27  p.  m.,  Thursday,  Nov.  17th,  in  three 
special  Pullman  cars  attached  to  the  regular  train  of  the  Illinois 
Central  Railway.  The  train  reached  St.  Louis  about  8:30  a.  m. 
Nov.  i8th,  and  breakfast  was  served  at  the  Union  Station.  Special 
street  cars,  provided  through  the  courtesy  of  the  Engineers'  Club 
of  St.  Louis,  then  conveyed  the  party  to  the  Exhibition,  and  the 
day  was  left  free  for  members  to  follow  their  own  preferences.  In 
the  evening  there  was  a  dinner  at  the  restaurant  of  the  Tyrolean 
Alps,  tendered  by  the  Engineer's  Club  of  St.  Louis,  and  later  the  party 
returned  to  the  station  to  their  cars,  which  were  attached  to  the 
night  train  of  the  St.  Louis  Southwestern  Railway.  Other  cars 
containing  members  of  the  St.  Louis  I'jigiueers'  Club  were  also 
added  to  the  train.  These  were  detached  at  Thebes  early  on  the 
morning  of  Nov.  19th.  A  hearty  breakfast  was  served  in  the  din- 
ing room  of  the  construction  camp  of  the  Kelly  &  Atkinson  Con- 
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struction  Co.,  and  a  train  of  flat  cars  was  then  provided  to  take  the 
party  over  the  connecting  line  and  up  to  the  bridge,  being  run  out 
to  the  end  of  the  completed  iron  work. 

Returning  to  the  river,  a  steamer  and  barge  ferried  the  party 
across  to  the  Missouri  side,  where  the  approaches  and  steel  work 
were  inspected,  and  another  flat  car  ride  was  taken.  The  ferry 
brought  the  party  back  to  Thebes  in  time  for  luncheon  at  the  camp, 
and  the  cars  were  then  attached  to  the  i  :oo  p.  m.  train  of  the  St. 
Louis,  Iron  JMountain  &  Southern  Railway  for  the  return  to  St. 
Louis. 

By  courtesy  of  the  Terminal  Railroad  Association  of  St.  Louis  the 
cars  were  detached  and  run  as  a  special  to  the  Wabash  Railway 
Terminal  Station  at  the  Exhibition,  giving  an  opportunity  for  an- 
other visit  to  the  great  "World's  Fair." 

The  cars  were  placed  on  a  siding  for  the  night,  and  Sunday  morn- 
ing, Nov.  20th,  were  taken  to  the  Union  Station  and  attached  to 
the  9:20  a.  m.  train  of  the  Chicago  &  Eastern  Illinois  Railway,  giv- 
ing a  daylight  ride  over  the  new  Chicago-St.  Louis  line  of  that 
company.  The  train  reached  Chicago  about  6  :oo  p.  m.,  ending  a 
very'  enjoyable  trip. 

The  committee  in  charge  of  the  trip  was  composed  of  Messrs. 
J.  J.  Reynolds,  T.  W.  Snow,  Andrews  Allen,  and  Ralph  Modjeska, 
and  at  a  meeting  of  the  society  on  Dec.  7th,  a  vote  of  thanks  was 
passed  to  the  committee  and  to  the  railway  companies  and  others, 
who  had  extended  courtesies  and  helped  to  make  the  entertainment 
pleasant  and  successful. 


SUBJECTS  FOR  PAPERS,  SUGGESTED  BY  MEMBERS  OY  THE  SOCIETY. 

Some  time  ago  a  circular  was  sent  out  to  all  the  members  of  the 
Society,  in  regard  to  securing  papers.   This  circular  is  as  follows : 

Dear  Sir:  October  25,  1904. 

The  Publication  Committee  desires  to  secure  technical  papers  of 
interest  to  the  Society  and  the  readers  of  the  "Journal.''  It  believes 
that  better  results  may  be  obtained  by  the  co-operation  of  the  mem- 
bers, and  respectfully  requests  that  each  send  in  suggestions  of  topics 
for  papers  to  be  presented  and  discussed. 

Will  you  kindly  use  the  attached  postal  card  for  this  purpose,  and 
will  you  please  give  the  matter  your  immediate  attention  ? 

Replies  were  received  from  over  80  members,  or  about  10  per 
cent  of  the  membership,  with  suggestions  for  about  176  subjects  to 
be  discussed  before  the  Society.  The  Publication  Committee  consid- 
ers it  desirable  to  have  this  list  printed  in  the  Journal,  that  it  may 
reach  the  members  of  the  Society  as  well  as  the  readers  of  the  Jour- 
nal. The  Committee  hopes  this  list  will  he  of  interest  to  many  and 
may  induce  some  to  present  papers  on  some  of  these  subjects.  Every 
reader  is  requested  to  carefully  examine  the  list  and  to  bear  in  mind 
that  offers  of  papers  on  any  of  the  subjects  will  be  highly  appre- 
ciated by  the  Society.     Very  respectfully. 

The  Publication  Committee, 

J.  H.  Warder,  Secretary. 

Aeronautical  exhibits  and  experiments  at  St.  Louis. 

Engineering  as  represented  at  the  St.  Louis  Exposition. 

Advice  to  engineers  in  general ;   Men  of  30  to  40  years  of  age. 

Should  engineers  interest  themselves  in  sociology? 

The  importance  of  our  engineering  profession  in  the  evolution  of  the  human 
race. 

The  engineer's  common  business  training,  versus  erratic  technical  attain- 
ments. 

Smoker,  with  several  informal  talks  on  profitable  vacations  taken  by  various 
members. 

A  symposium  on  the  relative  value  of  cost  of  estimation  from  published  data, 
vs.   experienced  judgment;   in  civil  engineering  and  general   contracting. 

The  utter  helplessness  of  civil  engineers  and  draftsmen  in  the  matter  of  em- 
ployment.    The  inability  of  civil  engineers  to  secure  iustice  if  dismissed. 

Popular  lecture  on   Panama,  by  Mr.   Karner   for  some   "Ladies'   Night." 

Panama  canal. 

River  and  harbor   improvements. 

Marine  docks  for  the  Chicago  Drainage  Canal  and  the  Calumet  River. 

Harbor  necessities  of  Chicago. 

Subway  for  Chicago's  passenger  and  freight  traffic. 

Underground  railway  system  for  Chicago. 

Comparative  cost  of  the  New  York  subway  and  similar  work  in  Chicago. 

Chicago  tunnel  system. 

The  Illinois  Tunnel  Co's  work  under  Chicago.  Its  present  and  its  future 
scope. 

The  saving  in  operating  expenses,  due  to  grade  reductions. 
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The   value  of  organization  in  engineering  work. 

Further  papers  in  powdered  fuel  and  with  special  reference  to  malleable 
annealing. 

Absolute  fireproof  construction. 

Fireproof  grain  elevators. 

Arrangements  for  removing  dust  from  foundry  tumbling  barrels  and  clean- 
ing the  air  used  in  the  process. 

The  arranging  and  publication  of  a  standard  classification  of  engineering 
"Notes,"  "Catalogues,"  etc. 

How  to  inculcate  habits  of  observation  in  students  of  engineering. 

Tlie  new   Hawthorne   shop  of  the  Western  Electric   Co.     (Two  requests.) 

The  testing  of  materials. 

Steel  casting  processes  and  improvement  in  steel  castings. 

Paper  manufacturing. 

Water  wheels  and  testing  the  same. 

The  volumetric   and   efficiency   tests   of   Air   Compressors. 

Compressed  air — The  economic  installation  of  plants. 

Water  power  construction  works. 

Modern  practice  in  street  paving. 

Asphalt. 

The  phenomena  of  high  speed  shafts. 

Stresses  and  strains  due  to  very  high  rotative  speeds. 

Physical   chemistry  as   related   to   thermodynamics   and   molecular   mechanics. 

The  drying  of  glutinous  materials. 

Utilization  of  waste  heat  from  furnaces  and  kilns. 

Performance  of  centrifugal  and  other  rotary  pumps. 

Comparison  of  brick  and  steel  smoke  stacks. 

Combined  steam  and  water  power  as  an  electric  power  producer. 

Modern  methods  of  handling  and  conveying  materials;  ore,  coal,  dirt. 

INIethod  of  filling  submerged  area. 

Boulevard  connection  from  north  to  south  sides. 

The  best  and  most  economical  construction  for  permanent  shore  protection 
or  sea  wall  for  Lincoln  Park  (north)  and  Grant  Park  (south.) 

How  can  we  improve  our  engineering  structures  with  special  reference  to 
their  looks? 

Esthetics  in  bridge  design. 

Advice  to  structural  engineers  and  draftsmen,   ages  between  25  and  40. 

Structural  steel  work. 

Advice  to   railroad  engineers. 

The  prevention  of  railway  wrecks. 

The  relation  of  freight  and  passenger  traffic  to  population. 

Economics  of  railway  operation. 

Proper  sphere  of  work  for  a  state  railroad  commission. 

Ventilation  of  railway  tunnels  under  existing  conditions  and  advisability  of 
electric  locomotives  for  use  in  such  tunnels. 

Interurban  electric  railways, — on  determining  the  practicability  from  a  com- 
mercial standpoint — applying  to  the  middle  west. 

Stadia  surveys  for  railroad  locations. 

Economics  of  transportation,  etc. 

Recent  methods  of  carrying  out  grade  reductions. 

Economic  principles  involved  in  revision  of  railroad  lines. 

Topography  and  topographical  surveyirg. 

Railroading,  esnecially  signaling. 

Railroad  signal  engineering. 

Rail    Fastenings;   joints,   spikes,   lag-screws,   etc. 

Kinks  in  frog,  switch  and  crossing  work. 

American  vs.  Fluropean  track  practice. 

The  change  froni'  steam  to  electricity,  as  a  motive  power  of  trimk  line  rail- 
roads, water  power  to  be  used  where  possible. 

The  saving  in  operating  expenses  due  to  grade  reduction. 

Construction  of  railroad  embankments. 

Determining  the  dimensions  of  waterway  areas  for  railway  bridges  and  cul- 
vert openings. 
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Steel  vs.  cypress  tanks  for  water  storage. 

Methods,  devices,  etc.,  for  test  borings  for  bridge,  building,  and  other  foun- 
dations. 

Proportioning  of  abutments  and  retaining  walls. 

Waterproofing  for  masonry  and  concrete  arches  and  retaining  walls. 

Waterproofing  for  bridges,  concrete,  stone,  masonry,   etc. 

Waterproof  fioors  for  railway  viaducts. 

Painting  of  steel  structures. 

Cheapest  fireproof  permanent  substitute  for  long  low  pile  railroad  bridges  for 
heavy  equipment  where  wide  shallow  water  way  is  necessary. 

Organization  of  a  railway  bridge  department. 

Swing  bridges,  continuous  and  non-continuous. 

Erection  of  bridge  work  of  various  classes. 

The  Boone  Viaduct.    C  &  N.-W.  Ry. 

The  Plattsmouth  Bridge.     C,  B.  &  Q.  R.  R. 

A  uniform  and  universal  specification  for  the  fabrication  of  structural  steel 
in  bridges  and  buildings. 

The  relative  value  of  various  types  of  bridges  for  spans  over  50  ft. 

Solid  floor  construction  for  railway  bridges. 

Design  of  lift  and  bascule  bridges. 

Comparative  merits  of  draw  and  lift  bridges. 

The  South-Side  elevated  railroad  construction. 

Design  of  office  buildings. 

Shop  or  mill  buildings  recently  erected  and  the  way  they  are  heated  and  ven- 
tilated. Buildings  where  the  designs  or  way  of  construction  is  out  of  the 
ordinary  and  which  would  be  of  interest  to  structural  engineers. 

Design  of  steel  frame  office  buildings. 

Caisson    foundation    in    Chicago. 

High  building  construction,  foundations,  etc. 

Deep  foundations  and  tall  buildings  in  Chicago. 

The  Jackson  channel-bar.  "United  States"  and  other  steel  sheet-piling ;  Com- 
parative merits 

Power  house  design — some  good  example. 

Stresses  in  conical  and  spherical  bottomed  steel  tanks. 

Irrigation  investigations  and  works  of  the  United  States  government. 

Irrigation  works. 

Irrigation  works  and  stream  measurements. 

Hydraulic  works. 

Artesian   wells. 

Modern  methods  for  deep  water  supply. 

Water  works  for  small  cities  and  towns. 

Water  filtration. 

Purification   of   water   for   domestic   use. 

Purification   of  inorganic   water,   fitting   it    for    domestic   use. 

Sedimentation  schemes. 

Water  waste  in  our  city  water  supply  and  its  prevention. 

The  sanitary  arrangement  and  maintenance  of  contractors'  camps,  including 
designs    for   bunk    houses,    dining    rooms,    commissary    offices,    etc. 

Sanitary  sewerage. 

Sewage   disposal   for  an   inland   town. 

Steam   turbines.      (Two  requests.) 

The  steam  turbine  vs.  the  reciprocating  steam  engine,  for  large  electrical 
units. 

Lubrication. 

The  expert  system  applied  to  lubrication. 

Boiler  designs. 

Do  chemical  analyses  or  even  soecial  boiler  tests  give  the  true  fuel  value  of  a 
bituminous  coal  for  every  day  purposes? 

Descriptions  of  steam  shovels,  machine  tools,   factory  drives,  etc. 

Entropy. 

Modern  ice  making  machinery. 

Steam  condensing  machinery. 
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Comparative  costs  and  merits,  in  large  power  houses  with  steam  turbines  and 
reciprocating  engines. 

Gas  engines. 

Gas  producers  for  power  gas. 

The  transmission  of  power  gas  from  mines  to  cities. 

The  original  cost  of  electric  power  plants  of  various  capacities  operated  by 
steam  as  compared  with  similar  installations  operated  by  producer  or 
other  power  gas. 

Comparative  cost  of  installation  and  operation  of  steam  and  gas  for  power 
plant  equipment. 

Use  of  low  jfrade  alcohol  in  internal  combustion  engines.  Also  as  to  advi- 
sability of  removing  the  tax  on  the  same. 

Producer  gas  for  small  power  plants. 

The  present  status  of  the  gas  engine,  especially  in  connection  w-ith  blast  fur- 
naces and  producer  plants. 

Facts  about  the  gas  producer,  and  the  possible  use  of  same  for  cheap  Illinois 
coals. 

Relative  advantages  and  disadvantages  of  rotary  converters;  vs.  motor  opera- 
tors. 

Economics  in  operation  of  light  and  power  stations. 

Printing  telegraph. 

Automatic  telephone. 

Lockout  devices  on  telephone  party  lines. 

The  design  of  electro  magnets  for  alternating  currents. 

Electric  light  plants. 

Automobile-motors  of  various  kinds.  First  cost,  maintenance,  sizes  in  com- 
mon use,  efficiency,  comparative  cost  of  operation,  etc. 

The  single  phase  motor  for  railway  use ;  also  for  crane  service. 

Storage  battery  development. 

Wireless  telegraph  system  as  used  by  the  De  Forrest  Co.,  at  St.  Louis  and 
in  Chicago. 

Cost  of  operation  and  advantages  of  large  electric  auto-trucks  as  used  in 
Chicago. 

Thordalson's  high  voltage  transformer. 

Masonry  construction. 

Minimum  thickness  of  arches  of  small  span,  built  of  stone,  brick  or  concrete. 
Ditto  as  to  large  sewers  and  tunnels. 

New  dam  at  Kankakee. 

Concrete  arch  bridge  at  Kankakee. 

Design  of  reinforced  concrete  arches. 

Portland  cement  manufacture. 

Use  of  concrete  piles. 

Reinforced  concrete  as  adapted  to  railway  bridges. 

Steel-concrete  dams. 

Reinforced  concrete  as  a  material  for  railroad  trestles  in  Teredo  infected 
waters. 

Concrete  building  blocks,  advantages  and  disadvantages :  also  advantages 
over  brick  or  wood  for  the  cheaper  class  of  small  buildings,  etc. 

Practical  steel  concrete  construction. 

Concrete  linings    for   canals   in   cold   climates. 

Armored  concrete  pipe  48-in.  to  72-in.  dia.  for  pressures  due  to  50  to  loo-ft. 
head  of  water.  Method  of  laying  in  place  in  trench,  forms  and  handling, 
reinforcing  rods,  hoops,  etc.     Cost,  etc.    Means  of  preventing  leakage. 

Construction  of  concrete  bridge  abutments  for  railway  bridges. 

Continuance  of  the  discussion  of  reinforced  concrete. 

Comparative  strength  of  concrete  made  with  coarse  mixed  sand  and  crushed 
stone  screenings. 

Mortar  facing  for  concrete  works. 

Modern  concrete-steel  work. 

Railway  ties  of  concrete  steel. 

Long  span  reinforced  concrete   railway  bridges. 

Reinforced  concrete. 

Design  of  reinforced  concrete  buildings. 


ABSTRACT  OF  MINUTES  OF  THE  SOCIETY. 

KEGULAK  MEETIXG—Noveinber  2,  iqo4. 

A   regular  meeting  of  the   Society    (No.   530)    was  held  in   the   rooms   of 
the   Society,   Monadnock   block,    November   2d,    1904. 

The  meeting  was  called  to   order  at  8:20  p.  m.,  with   Mr.  W.   L.   Abbott 
in  the   Chair,   and   about  65   members   and  guests   present. 

The   Minutes   of  the  meeting  held  October  5th   were   read   and  accepted. 

A  report  from  the  Board  of  Direction  announced  that  the  following 
persons  had  been  elected  into  membership  of  the  Society  at  their  meeting, 
held   November   2d : 

A.    T.    Grohmann,   Chicago,  Active. 

Frederic   W.    Lucke,    Chicago,   Associate. 

Chas.   A.    S.   Howlett,    Chicago,    Active. 

Edward   J.    Kelly,    Chicago,    Active. 

Augustus   J.   Reef,    Carterville,   111.,   Junior. 

Charles   W.    Wilkes,    Chicago,   Active. 

Frederic  H.    P.  Howard,  Beloit,  Wis.,  Junior. 

Charles   T.    Anderson,    Chicago,   Active. 

Also  that  the  following  new  applications  for  membership  had  been 
received : 

Carl    William    Birch-Nord,    Chicago,    Junior. 

Lewis   E.   Ashbaugh,   Ames,    Iowa,   Active. 

Elmer   E.   Hanna,    Evanston,   111.,   Active. 

Wm.   H.   Beattys,  Jr.,   advance  from  Junior  to  Active. 

Lyle  S.  Abbott,   Chicago,  Junior. 

Carl    P.    Schroeder,    Chicago,    Active. 

William   R.    Wendland,    Chicago,  Junior. 

Gustav    F.    Jedlicker,    Chicago,    Active. 

A  report  from  the  committee  appointed  to  award  the  Octave  Chanute 
medals  to  the  authors  of  the  most  meritorious  papers  presented  during  the 
year  1903  on  Civil,  Mechanical  and  Electrical  Engineering  was  as   follows : 

Under  the  head  of  Civil  Engineering,  to  Prof.  A.  Marston,  for  his 
paper  on  "Sewage  Disposal   in  Iowa." 

Under  the  head  of  Mechanical  Engineering,  to  Prof.  Storm  Bull,  for 
his  paper  on   "The  Use  of  Superheated   Steam." 

Under  the  head  of  Electrical  Engineering,  to  Mr.  E.  Gonzenbach,  for 
his   paper  on  "The   Third  Rail   for   High   Speed   Electric    Service." 

The  Secretary  read  a  letter  from  Mr.  Chanute,  dated  October  2pth, 
stating  that  Air.  James  Forrest,  Honorary  Secretary  of  the  British  Insti- 
tution of  Civil  Engineers,  had  expressed,  in  a  letter  to  him,  the  gratifi- 
cation of  the.  British  Institution  at  the  warm  welcome  and  the  hospitable 
way  in  which  their  visiting  members  had  been  entertained  while  in 
Amerca. 

The  Secretary  also  read  a  letter  from  Messrs.  Roberts,  Schaefer  and 
Company,  Chicago,  announcing  the  death  on  October  6th  of  one  of  their 
employes,  Mr.  Bert  Fankboner,  a  Junior  member  of  the  Society. 

On  motion  of  Mr.  Finley,  the  President  was  requested  to  appoint  a 
committee  to  prepare  a  suitable  memorial  on  the  death  of  Mr.   Fankbonef. 

Mr.  Emil  Probst,  of  Vienna,  Austria,  then  presented  his  paper  on  "The 
Development  of  Reinforced  Concrete  in  Europe  and  New  Ideas  in  Con- 
struction Work."  The  paper  was  illustrated  by  a  number  of  lantern  slide 
views. 

Discussion  followed  from  Messrs.  W.  L.  Abbott,  Ernest  McCullough, 
Finley,   Seafert.   Spelman,  Condron  and  Probst. 

A  vote  of  thanks  was  tendered  to  Mr.  Probst,  on  behalf  of  the  Soci- 
ety,   for   his    interesting   paper. 

The    meeting   adjourned    about    10:15    p.    m. 
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EXTRA  MEKTiyC—Xovfiiibfr  //,  igo4. 

An  extra  incetiiig  of  the  Society  (No.  531),  being  the  4th  regular  nieet- 
iiig  of  the  Electrical  Section,  was  held  in  the  rooms  of  the  Society  Friday 
evening,  November    nth. 

The  meeting  was  called  to  order  at  8:20  p.  m.,  with  Mr.  W.  B.  Hale, 
Chairman  of  the  Section,  in  the  Chair,  and  about  100  members  and  guests 
present. 

The  Minutes  of  the  meeting  of  October  14th  were  read  and  approved. 
The  Secretary  announced  informally  that  there  would  be  an  excursion  of 
the  Society  to  St.  Louis  and  Thebes  November  17th  to  20th.  inclusive.  The 
Chairman  announced  that  the  next  meeting  of  the  Electrical  Section  would 
))e  held  December  i6th. 

Mr.  S.  G.  McMeen,  M.  W.  S.  E..  then  presented  his  paper  on  "Some 
Interesting  Phases  of  Long  Distance  Telephony,"  and  discussion  followed 
from  Messrs.  Lockwood,  McBerty,  K.  B.  Miller,  Winston,  Hale,  Watkins, 
Edson  and   McMeen. 

The  meeting   adjourned   about    10:30  p.    m. 

EXTRA  MEETING— Noraiiber  23,  ,go4. 

An  extra  meeting  of  the  Society  (No.  532)  was  held  in  its  rooms, 
Monadnock  block,  Wednesday  evening.  November  23d.  The  meeting  was 
called  to  order  by  Past  President  Modjeski  in  the  Chair  at  8:20  o'clock, 
with  about  75  members  and  guests  present. 

Before  the  reading  of  the  paper  by  Mr.  Strauss,  the  Secretary  read 
the  following  statement:  "The  Secretary  desires  to  say  that  the  paper  on 
Bascule  Bridges,  to  be  presented  tonight,  is  in  the  form  as  prepared  by 
the  author.  The  paper,  however,  and  the  discussion  of  the  same,  will  be 
submitted  to  the  Publication  Committee  before  being  printed  in  the  Journal 
of   the    Society." 

Mr.  Strauss  was  then  introduced  and  gave  a  condensed  resume  of  his 
paper.  Following  this,  written  discussion  was  presented  from  Messrs.  Dun. 
Hughes,  Parsons,  Cowing,  Watson.  Cummings  and  Scherzer ;  also  some 
commendatory  letters  were  read,  which,  however,  did  not  discuss  the  paper. 
Oral  discussion  followed  from  Messrs.  Ericson,  Finley,  Modjeski,  Vent, 
Reichmann,  West,  Roemheld,  Bainbridge,  von  Babo,  Dart,  Shnable,  Stro- 
bel,  Bley  and  Strauss. 

During  the  discussion  Mr.  Bley  offered  the  following  motion,  which 
was  carried :  "I  move  that  Air.  Strauss  be  requested  to  submit  a  descrip- 
tion of  each  of  the  bridges  mentioned  in  his  paper  to  the  people  interested 
in  that  bridge,  for  correction ;  also  that  the  Publication  Committee  be  in- 
structed to  publish,  in  connection  with  Mr.  Strauss'  paper,  a  copy  of  the 
report  made  to  the  City  Engineer  by  Mr.  von  Babo  on  "Movable  Bridges 
with  Special  Reference  to  Bascule  Bridges,"  and  a  copy  of  the  report  of 
the  Board  of  Consulting  Engineers  made  to  the  City  Engineer  in  July, 
igco." 

The  meeting  adjourned  at   10:30  p.  m. 

REGULAR  MEETIXG—Decbcmcr  7,  /j^.^. 

A  regular  meeting  (No.  533)  was  held  in  the  rooms  of  the  Society 
Wednesday  evening,  December  7th.  The  meeting  was  called  to  order  at  8:20 
p.  m.  by  Mr.  W.  L.  Alibott,  Second  Vice  President,  in  the  Chair,  and  about  80 
members   and   guests   present. 

The  Minutes  of  the  meetings  of  NoveniI)er  3d  and  J3(l  were  read  and 
accepted. 

The  Secretary  reported,  on  behalf  of  the  Board  of  jlirection,  that  the 
following  persons  had  been  elected  to  menibcrshii)  in  the  Society,  at  their 
meeting,   held   December   6th  : 

Edward    \.    Schneider.    Kansas    Ci'.y.    .Mo.,    advanced    to    .Active. 

Carl    Welier,    Chicago.    .Active. 


Society  Notes.  665- 

Edward   Dvorak.   Chicago,   Associate. 

Durl   P.   Ruger,   Chicago,   Associate. 

Edward    F.    Pierce,    Chicago,    Associate. 

Wm.   McK.   Bayne.  Chicago.  Associate. 

Carl    W.    Birch-Nord,    Chicago,    Junior. 

Lewis    E.    Ashbaugh.    Ames,    Iowa,    Active. 

Elmer    E.    Hanna,    Chicago,    Active. 

Wm.   H.   Beattys.  Jr..  advanced   from   Junior  to   Active. 

Carl    P.    Schroeder,    Chicago,    Active. 

Also  that  the  following  new  applications  for  membership  had  been- 
received : 

Austin    Kimble.    Chicago. 

Sutton   Van   Pelt,    Sawyerville.   Ala.,   advanced    from    Junior   to   Active. 

Frank   W.    Yale.   Coffeyville,   Kas. 

L.  Gustav   Hallberg,  Chicago. 

Julius    Floto,    Chicago. 

Fritz    Lubberger.    Chicago. 

Frank    A.    Coy.    Chicago. 

Henry    W.    B.   Clausen,    Chicago. 

Frank    Raymond    Coates,    Chicago. 

John  Edwin  Crane.  Murphysboro.  111. 

Douglas    Edward    Bonner.    Chicago.    . 

Everett    Broomall    Wilson.    Chicago. 

Isaac  W.   Traxel.  Aurora.   111. 

Walter  J.   Warder.  Jr..   Chicago,  advanced   from  Junior  to  Active  grade. 

The   Secretary  announced   that  the  petitions   for  nominations   for  officers 
for  the  Society  for  the  coming  year  had  been  dulv  canvassed  by  the   Board 
of  Direction,  and.  omitting  those  names  which   failed  to  receive  the  petition' 
of  ten  members   for  nomination  to  office,   the   result   was  as  follows : 
For   President — 
*W.    L.    Abbott. 

E.  C.   Carter. 

C   W.    Hotchkiss. 
*G.   A.   M.   Liljencrantz. 
For   First   Vice    President — 

W.  L.   Abbott. 
*Geo.  M.   Brill. 

G.    A.   M.    Liljencrantz. 
For    Second   A'ice    President — 

W.   B.  Hale. 

C.  F.  Loweth. 
*W.   H.    Pratt. 
For   Third   Vice    President — 

L.   P.    Preckenridge. 

Strrm   Bull 
For  Trfas'Ter — 

Andrews   Allen. 
Trustee   for   a   term   of  three  year.-^ — 

P.    \I.    Chamberlain. 

Geo.   A.  Damon. 

A.   Reicbmann. 

G.    M.   Wisner. 

The  Secretarv  annonn-ed  the  dea'h  of  one  of  the  acti^■e  members  of 
the  Societv.  Mr.  L.  M.  Tohnson.  and  on  motion  of  Mr.  Finley.  the  Chair 
was   requested   to   appoint   a   committee   to   prepare   a   suitable   memorial. 

^Ir.  T  ilienrrantz  moved  that  a  vote  of  thanks  1>e  extended  to  Mr,  F.  H. 
Britton.  Vice  Prest.  k  Gen.  Mang.  of  the  St.  Louis  Southwestern  Railway; 
]Mr.   C.  S.  Clarke,  Vice  Prest.   Mis.souri   Pacific  Railway  System  :   Mr.  H.  L. 


*  These  rames  were  subsequently  withdrawn  and  do  not  appear  on  ballot. 


666  Soiiely  A'otes. 

Magee,  Gen'l  Supt.  Wabash  Railroad  Co.,  and  A.  Robertson,  General  Man- 
ager of  the  Terminal  Railroad  Association,  all  of  St.  Louis;  also  to  Mr. 
W.  J.  Jackson,  Gen'l  Supt.  C.  &  E.  I.  R.  R.,  and  Mr.  J.  T.  Harahan,  2nd 
Vice  Prest.  I.  C.  R.  R.,  for  courtesies  extended  to  the  Society  on  the  occasion 
of  the  recent  excursion  to  St.   Louis  and  Thebes,  111. 

The  Secretary  read  a  letter  which  had  been  received  from  President 
Parkhurst,  who  is  at  present  in  Georgia  on  account  of  his  health,  stating 
that  it  was  his  desire  and  hope  to  be  present  at  the  annual  meeting  of  the 
Society,  to  be  held   in  January. 

Mr.  A.  F.  Robinson,  Bridge  Engineer  of  the  Atclii.son,  Topeka  &  Santa  Fe 
Ry.,  was  then  introduced,  who  opened  the  discussion  of  the  subject  for  th^ 
evening,  "Ballasted  Bridge  Floors."  The  subject  was  further  discussed  by 
Messrs.   Cartlidge,   Finley,  E.  H.  Lee  and  E.  N.  Layfield. 

At  the  conclusion  of  the  discussion,  Mr.  Liljencrantz  offered  a  vote  of 
thanks  to  Mr.  Robinson,  on  behalf  of  the  Society,  for  his  interesting  talk, 
which   was   unanimously   carried. 

The   meeting   adjourned    at    10:45    P-    "i- 

EXTRA  MEETINC—Dcccmi'cr  fO,  rgo4. 

An  extra  meeting  of  the  Society  (No.  534),  l)cing  ilie  fifth  regular 
meeting  of  the  Electrical  Section,  was  held  in  the  rooms  of  the  Society 
Friday  evening,  December   i6th. 

The  meeting  was  called  to  order  at  8:15  p.  m.,  with  Wx.  W.  B.  Hale, 
Chairman  of  the  Section,  in  the  chair,  and  about  65  members  and  guests 
present. 

The  Minutes  of  the  meeting  of  November  nth  were  read  and  approved. 
The  Chair  announced  that  by  the  rules  of  the  Electrical  Section,  nomina- 
tions for  officers  of  the  Section  were  in  order,  the  same  to  be  posted 
on  the  bulletin  board  in  the  Society  rooms.  He  also  stated  that  the  elec- 
tion of  officers  and  members  of  the  Exccvitive  Committee  would  be  held 
at  the  next  regular  meeting  Friday,  January  13,  1505. 

The  Secretary  stated  that  the  following  had  thus  far  been  put  in  nom- 
ination  for  the   Executive   Committee : 

W.  B.  Hale,  Chairman. 

S.    G.    McMeen,   Vice   Chairman. 

Members  of  the  Executive  Committee — W.  G.  Carlton,  Geo.  A.  Damon, 
P.   B.   Woodworth. 

Prof.  Henry  Crew,  of  Northwestern  University,  Evanston.  111.,  was 
then  introduced,  who  addressed  the  meeting  on  "The  Modern  Theory  of 
the  Arc  and  Spark."     This  was  illustrated  by  a  few  lantern   slides. 

Discussion  was  ofYered  by  Messrs.  Wiler,  Hale,  W.  E.  Williams,  East- 
man and   Crew. 

The  Chairman  announced  that  the  next  meeting  of  the  Section  will 
be  held  Friday.  January  13th,  when  Mr.  Chas.  \.  S.  Howlett  wil;  address 
the    Section    on    "The    Commercial    Aspect    of    E'\gineering." 

Mr.  Cravath  moved  a  vote  of  thanks  to  Prof.  Crew  for  his  address, 
which    was    carried. 

The    meeting    adjourned    at    9:40   p.    m. 

EXTRA  MEETIXC—Decetiiber  2 1 ,  IQ,'4. 

An  extra  meeting  (No.  535)  of  the  Society  was  hold  in  its  rooms  in 
the  Monadnock  Block  Wednesday  evening,   Dec.   21. 

The  meeting  was  called  to  order  at  8:15  p.  m.  with  Second  Vice-Presi- 
dent Abbott  in  the  chair  and   about   35   members  and  guests   present. 

The  papers  for  the  evening  was  on  "The  Construction  of  parts  of  the 
Intercepting  Sewers  of  Chxigo  from  30th  street  to  63rd  street."  Mr.  W. 
A.  Shaw,  M.  W.  S.  E.,  first  presented  his  paper  dealing  with  the  work 
under  his  charge  alongside  of  the  T.  C.  R.  R.,  from  30th  Street  to  51st 
Street.  The  second  part— from  ^isl  Street  to  63rd  Street — was  c  Mistructed 
under  the  care  of  the   late    Mr.   Guv  Miltinioiv,    M.    W.   S.   E.     His  paper  as 
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prepared  by  him  just  prior  to  his  death,  was  virtually  complete  and  was 
read  by  the  Secretary.  After  the  reading  of  the  papers,  a  number  of  lan- 
tern slide  views  of  the  work  in  progress,  etc.,  were  shown  which  were 
explained  by  Air.  Shaw.  Discussion  followed  from  Messrs.  Abbott, 
Springer,  Shnable,  Reynolds,  Warder,  Stern,  Ashley,  Wilcox  and  Shaw. 
Meeting  adjourned  lo  p.  m. 

J.   H.   Warder,  Secretary. 
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Experiments  with  Alternate  Currents  of  High  Potential  and  High  Frequency, 

Nikola   Tesla.     5x6 Va",   162  pages.     38  tigures..     McGraw    Publishing   Co., 

New  York.     1904.     $1.00. 

This  book  is  a  new  edition  of  a  volume  published  some  time  since,  being 
a  reprint  of  a  lecture  delivered  Ijefore  the  Institution  of  Electrical  Engineers, 
London,  thirteen  years  ago.  The  London  lecture  was  subsequent  to  an 
address  on  the  same  general  subject  delivered  before  the  American  Institute 
of  Electrical  Engineers  on  May  20th,  185'!.  The  matter  con- 
tained in  the  American  Institute  and  London  lectures  bears  upon 
a  field  of  electrical  manifestations  explored  by  Mr.  Tesla  with  a  great 
degree  of  thoroughness,  and  with  a  very  much  wider  range  of  experimental 
investigation  than  any  other  student  to  this  day.  For  two  reasons  the 
investigations  and  demonstrations  have  been  found  of  extreme  interest : 
The  potentials  are  very  high,  and  the  frequencies,  in  comparison  with 
those  we  are  accustomed  to  consider  in  connection  with  commercial  alternat- 
ing current  problems,  are  enormous.  In  very  many  ways  currents  of  the 
high  potential  and  high  frequency  produced  by  Mr.  Tesla  behave  in  ap- 
parently opposite  ways  to  those  frequencies  and  potentials  produced  by 
other  means.  The  apparatus  which  forms  the  basis  for  the  demonstra- 
tions described  in  this  lecture  is  that  involving  the  insertion  of  a  spark 
gap  in  series  with  condensers  and  the  primary  of  an  oil-immersed  step-up 
transformer.  The  current  furnished  to  the  spark-gap  is  taken  from  the 
secondary  of  a  supplying  transformer,  and  by  virtue  of  the  spark  at  the 
gap,  oscillations  in  its  series  primary,  produce  in  the  secondary,  alternat- 
ing currents  whose  frequency  is  the  same  as  that  of  the  oscillations,  and 
whose  potential   is  that  determined  by  the  proportions  of  the   transformer. 

The  results  are  startling.  Vacuum  tubes,  containing  refractory  sub- 
stances, are  caused  to  light  up  when  connected  to  the  coil  by  a  single  wire. 
Others  glow  when  held  in  the  hand  without  wire  connection  of  any  sort. 
With  properly  mounted  terminals,  phantom  streams  of  light  break  from 
the  edges  of  disks  and  the  surfaces  of  balls.  The  investigator  may  cause 
currents  at  enormous  potentials  to  pass  through  his  body  without  injury, 
and  perhaps  with  no  noticeable  physiological  result.  It  is  in  this  book 
that  :\Ir.  Tesla  pays  so  great  a  tribute  to  the  genius  and  contributory  work 
of  Sir  William  Crookes. 

Included  in  the  volume  is  a  communication  to  the  Electrical  World  and 
Engineer,  of  :\Iarch  5th,  1904,  under  the  title  "The  Transmission  of  Elec- 
trical Energy  without  Wires."  The  proposed  transmission  is  not  merely 
of  communication,  but  of  the  distribution  of  power  as  well  :  and  the  tenor 
of  the  contribution  may  be  gleaned  by  a  reading  of  the  following  aston- 
ishing sentence: 

"When  the  great  truth  accidentally  revealed  and  oxperimentallv  con- 
firmed is  fully  recognized,  that  this  planet,   with  all   its  appalling  immensity. 
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is  to  electric  currents  virtually  no  more  than  a  small  metal  ball  and  that 
by  this  fact  many  possibilities,  each  baffling  imagination  and  of  incalculable 
consequence,  are  rendered  absolutely  sure  of  accomplishment ;  when  the 
first  plant  is  inaugurated  and  it  is  shown  that  a  telegraphic  message,  almost 
as  secret  and  non-interferable  as  a  thought,  can  be  transmitted  to  any 
terrestrial  distance,  the  sound  of  the  human  voice,  with  all  its  intonations 
and  inflections,  faithfully  and  instantly  reproduced  at  any  other  point  of 
the  globe,  the  energy  of  a  waterfall  made  available  for  supplying  light, 
heat  or  motive  power,  anywhere  on  sea,  or  land,  or  high  in  the  air — 
humanity  will  be  like  an  ant  heap  stirred  up  with  a  stick ;  see  the  excite- 
ment coming!"  K.  B.  M. 

Electricity  in  the  Service  of  Man.      R.    Mullineux   Wilmsley.     6"x9".     1,200 

pages;    1,208   figures,   and    6   large   plates.     Cassol    &   Co.,    Ltd.,    London, 

Paris,    New    York,    and    Melbourne.     IQ04. 

This  book  is  a  massive  volume  something  of  the  size  of  Ganot's  Physics. 
Deschane's  Natural  Philosophy,  or  Sylvanus  Thompson's  Dynamo  Electric 
]Machinery.  As  the  title  indicates,  the  treatise  attempts  to  be  popular  and 
practical  without  mathematics  of  other  than  algebraic  form  where  pos- 
sible. The  author  is  Principal  and  Head  of  the  Electrical  Engineering 
Department  of  the  Northampton  Institute,  London,  and  will  be  recalled 
pleasantly  by  many  technical  men  in  this  country  on  account  of  his  journey 
of  inspection  of  the  Technical  Schools,  etc.,  through  the  United  States, 
not  many  months  ago. 

The  title  "Electricity  in  the  Service  of  Man"  is  not  a  new  one,  as 
Urbanitzky  wrote  a  book  under  that  title  in  the  German  language  before 
1888.  In  that  year  his  book  was  translated  into  English.  Two  years  later 
a  second  edition  was  produced  by  the  original  editor  and  translated  by 
Dr.  Wormell,  who  was  then  assisted  b}'  Dr.  Walmslej'.  In  subsequent 
editions  Dr.  Walmsley  took  more  and  more  part  in  the  revision,  so  that 
the  present  edition  is  most  largely  a  product  of  his  own  effort. 

As  is  usual  in  such  works,  the  author  goes  bsck  t©  first  principles  and 
early  investigators.  As  one  turns  the  pages  he  sees  in  the  pictures  much 
that  is  familiar  in  form,  the  laboratory  devices  for  demonstrating  electro- 
statics being  quite  unchanged,  though  some  of  them  have  an  age  of  three 
score  years  and  ten.  In  the  chapter  dealing  with  later  things,  such  as 
alternating  current  development  and  transmission,  the  theory  of  electric 
waves,  and  its  consequent  practical  application  to  wireless  telegraphy,  there 
is  much  that  is  of  value  in  other  than  historical  ways. 

A  little  more  than  half  of  the  book  is  taken  up  by  a  popular  and  some- 
what technical  treatment  of  most  of  the  electrical  services  of  today,  the 
remaining  portion  being  entitled  "The  Technology  of  Electricity;"  and 
in  two  divisions,  covering  generation,  transmission  and  the  use  of  electrical 
power,  and  the  practical  applications  of  small  electric  currents.  Into  the 
second  division  all  problems  of  telegraphy  and  telephony,  and  minor  forms 
of  signaling  would  seem  to  fall,  yet  a  treatment  of  these  subjects  in  this 
second  part  cannot  be  discovered.  The  book  ends  with  some  abruptness 
at  page  1192,  but  by  a  careful  reading  of  the  prefaces  and  introductions,  one 
gathers  the  idea  that  there  is  more  of  the  book  to  follow.  Indeed,  it  is 
implied  that  a  supplemental  volume,  dealing  as  fully  though  not  neces- 
sarily at  so  great  a  length,  will  treat  the  omitted  sections,  and  be  issued 
in  the  near  future. 
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It  has  become  fashionable  to  refer  to  technical  books  as  "compilations" 
unless  they  bear  such  distinct  marks  of  originality  as  to  permit  the  reviewer 
to  forego  that  form  of  insult,  and  comfort  himself  by  an  attack  on  the 
timeliness  or  usefulness  of  the  contributed  originality.  It  is  highly  prob- 
able that  the  author  of  this  useful  volume  might  not  care  to  call  it  much 
more  than  a  compilation.  It  is  conceivable,  however,  that  he  might  with 
due  modesty  respond,  that  while  he  undertook  a  compilation,  he  attempted 
to  do  it  faithfully  and  with  thoroughness.  That  he  has  fulfilled  the  spirit 
of  this  attempt  no  one  handling  the  volume  can  doubt.  Nor  will  any 
one  regret  that  he  has  had  the  courage  to  begin  and  finish  a  work  involving 
so  much  hardship.  The  volume  deserves  a  substantial  welcome,  as  there 
is  so  much  in  it  containing  virtue  as  an  assistance  to  the  memory,  and 
in  our  day  of  so  great  a  quality  of  details  requiring  memory  or  easily 
accessible  classified  fact,  any  and  all  helps  are  gracious  things.       S.  G.  M. 

Rock  Excavations — Methods  and  Costs.     By  Halbert   Powers   Gillette.   New 
York.     M.   C.    Clark,    1904.     Cloth,   iVi^lV--   in.     Pp.   376  XVI.     56  illus- 
trations in  text ;  index  and  many  tables.     Price  $3.00. 
This  book  is  a  valuable  addition  to  our  rather  meagre  literature  on  the 
subject    of   rock    excavations.     The   book   is   particularly   valuable    from    the 
many   tables   it    contains  of  the   cost   of  doing  work   in   a   great   variety  of 
situations  and   in   varying  qualities  •  of   rock.     The   importance   of   having   a 
good    blacksmith,    and    the    supplying    him    with    good    steel    for    drills,    is 
presented  in  the  first  chapter.     This  is  frequently  one  of  the  weakest  parts 
of    many    quarry    organizations.     The    steel    is    not    of   as   good    a    grade   as 
should  be,  and  the   smith   sends  the  drills  to  the   work  not  properly   shaped 
and  hardened. 

The  sticking  of  drills  in  seamy  ground,  mentioned  by  the  author  in 
Chapter  5,  may  be  greatly  remedied  by  shaping  the  end  of  the  drill  bits 
so  that  the  shoulders  of  the  cutting  edges  extend  up  the  body  of  the  drill 
a  greater  distance  than  usual,  and  of  the  same  diameter  as  the  cutting 
edge.  This  will  have  the  tendency  to  hold  the  drill  in  proper  alignment 
in  the  hole. 

The  proper  shape  of  the  drills  has  much  to  do  with  their  successful 
operation;  this  shape  and  dressing  depending  on  the  character  of  the  material 
to  be  drilled.  In  some  cases  good  power  drills  have  been  condemned  and 
discarded  because  of  ignorance  of  this  matter.  There  was  a  case  in  South- 
ern Illinois  where  the  power  drills  w^ere  thrown  out,  as  they  did  not  work 
satisfactorily  in  shaley,  sticky  material.  Upon  changing  the  shape  of  the 
bit  and  using  a  sand  pump  with  a  sharp  cutting  edge  to  clean  out  the 
holes,  a  great  improvement  was  obtained,  increasing  the  rate  of  sinking 
the  shaft  from    V/j  ft.  to  5  ft.  per  day. 

Drilling  contests  are  noted  in  this  book  as  well  as  some  of  the  Trade 
Journals,  but  such  results  are  a  poor  guide  to  one  about  to  invest  in  drilling 
tools,  as  his  conditions,  character  of  rocks,  etc.,  may  be  altogether  different 
from  those  used  in  the  drilling  contest.  To  make  a  proper  selection  of  a 
drill  is  after  an  extended  trial,  with  careful  records  of  progress  made,  rate 
of  drilling,   character   of   rock,   cost   of   maintenance,    supplies,    etc. 

The  Electric  Drill  has  friends,  and  some  remarkable  work  is  noted  upon 
Page  93,  which  seems  to  be  almost  too  much,  as  compared  with  the  standard 
air  or  steam  drills,  which  the  writer  believes  to  be  the  superior  machine 
of  today  in  execution  and  general   working  qualities. 

The  loading  and  hauling  of  rock  is  considered  by  the  author  quite 
fully,  as   was   the  case   with   earth   in   his  previous   book  on   "Earth   Excava- 
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tion,"  and  i>  wortliy  cf  careful  study  by  llmse  calltd  ui)on  to  estimate  for 
such   work. 

The  Cost  of  Diamond  (hilling  is  also  considered  by  the  author,  and  in 
addition  to  his  notes,  mention  may  here  he  made  of  further  information 
on  this  subject  in  "Mines  and  Minerals,"  November,  1903,  by  J.  N.  Jus- 
tice on  "Rock  Drilling  in  West  Africa."  Also  in  "Engineering  News"  in 
April,  1903.  Mr.  C.  J.  Gray,  Commissioner  of  Mines,  Natal,  Africa,  gives 
information  on  the  cost  of  such  work. 

The  Pneumatic  hand  drill  for  plug  drilling  in  quarry  operations,  has 
some  great  advantages;  the  rapidity  of  drilling  short  holes  being  remark- 
able, and  much  in  advance  of  the  "Baby"  drill  which  has  been  a  favorite 
for   such   work. 

The  subject  of  railroad  tunnel  work  is  also  well  handled  with  data  of 
cost  of  work  done,  that  is   interesting. 

Take  it  all  in  all,  the  book  well  merits  the  careful  attention  of  all 
interested    in    the   broad,    general    topic    of    Rock    Excavation. 
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